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ABSTRACT 
The specification and modulation of cell-type specific dendritic morphologies plays a 
pivotal role in nervous system development, connectivity, structural plasticity, and function.  
Regulation of gene expression is controlled by a wide variety of cellular and molecular 
mechanisms, of which two major types are transcription factors (TFs) and microRNAs 
(miRNAs).  In Drosophila, dendritic complexity of dendritic arborization (da) sensory neurons 
of the peripheral nervous system are known to be regulated by two transcription factors Cut and 
Knot, although much remains unknown about the molecular mechanisms and regulatory 
networks via which they regulate the final arbor shape through spatio-temporal modulation of 
dendritic development and dynamics. Here we use bioinformatics analysis of transcriptomic data 
to identify putative genomic targets of these TFs with a particular emphasis on those that effect 
neuronal cytoskeletal architecture. We use transcriptomic, as well as data from various genomic 
and protein interaction databases, to build a weighted functional gene regulatory network for 
Knot, to identify the biological pathways and downstream genes that this TF regulates. To 
corroborate bioinformatics network predictions, knot putative targets, which classify into 
neuronal and cytoskeletal functional groups, have been experimentally validated by in vivo 
genetic perturbations to elucidate their role in Knot-mediated Class IV (CIV) dendritogenesis.  
MicroRNAs (miRNAs) have emerged as key post-transcriptional regulators of gene expression, 
however identification of biologically-relevant target genes for this epigenetic regulatory 
mechanism remains a significant challenge. To address this knowledge gap, we have developed a 
novel R based tool, IntramiR-ExploreR, that facilitates integrated discovery of miRNA targets by 
incorporating target databases and novel target prediction algorithm to arrive at high confidence 
intragenic miRNA target predictions.  We have explored the efficacy of this tool using 
D.melanogaster as a model organism for bioinformatics analyses and functional validation, and 
identified targets for 83 intragenic miRNAs. Predicted targets were validated, using in vivo 
genetic perturbation.  Moreover, we are constructing interaction maps of intragenic miRNAs 
focusing on neural tissues to uncover regulatory codes via which these molecules regulate gene 
expression to direct cellular development.   
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1 INTRODUCTION  
1.1 Regulation of gene expression-an overview 
Regulation of gene expression plays a pivotal role in development of both prokaryotes and 
eukaryotes. This process of gene regulation can be divided into two major categories: Transcriptional 
and Post Transcriptional. Although there are many differences between the process of transcription in 
eukaryotes and prokaryotes, the major difference is that, eukaryotic transcription processes need an 
initiation factor known as a transcription factor. Transcription factors can be called as the master 
regulators of gene expression. They are proteins that bind to the promoter or enhancer region of the 
gene and regulate the expression of the gene either positively or negatively. Regulation of genes by 
transcription factors occurs via recruitment of RNA polymerase to the promoter region (Latchman 
1997; Nikolov & Burley 1997) or by stimulating or repressing the expression of the gene by binding to 
its enhancer region (Spitz & Furlong 2012). House-keeping genes, which are expressed in all tissues 
and are important for the development of an organism, have a less conserved promoter region where 
only a few transcription factors can bind, whereas tissue specific genes have a greater conserved 
promoter region where a number of transcription factor can bind, making it a more complex 
transcriptional program (Wray et al., 2003). 
Post transcriptional regulation of genes is another mechanism of gene expression regulation and 
occurs between transcription and translation steps of gene expression. There are various methods of 
post transcriptional regulation, the primary being 5’ end methyl capping to reduce exonuclease activity, 
poly A adenylation, RNA editing and regulation by microRNAs. microRNAs have been found to 
regulate approximately 60% of all human protein coding genes (Friedman, Farh, Burge, & Bartel, 
2009). microRNAs (miRNAs), are a group of small non-coding RNAs (21-25 nucleotide long), which 
have been associated with post-transcriptional gene silencing since their initial discovery in C. elegans 
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(Lee et al. 1993; Wightman et al. 1993). While predominantly associated with negative gene regulation, 
there have also been reports of miRNAs serving as positive regulators of gene expression (reviewed in 
Vasudevan, 2012).  
1.2 Understanding gene expression: A Bioinformatics approach 
High throughput analysis of gene expression has been a major means of understanding the 
mechanisms responsible for transcriptional and post transcriptional regulatory mechanisms. 
Techniques like RNA-sequencing and microarray provide us with expression profiles of all the genes 
in a genome under normal or experimental conditions. Quantifying eukaryotic gene expression using 
microarray, has been done since 1997, when it was first used to find the expression of 2,479 ORFs in 
yeast (Lashkari et al., 1997). In the microarray technique, mRNA is extracted from the cells of interest 
and then reverse transcribed to complementary DNA (cDNA), which are then labelled with fluorescent 
dye, and hybridized to probes (on a glass medium; which are called spots) that are complementary to 
each of the cDNA of the genome of interest (Lashkari et al., 1997). The fluorescent dye is excited by a 
laser and the emitted light is read by a scanner, that generates a digital image of the illuminated 
microarray, which is further processed to obtain the intensity of each spot where a probe is hybridized 
with the cDNA of interest (Lashkari et al., 1997). Microarrays can be divided broadly into 2 kinds: One 
color and two color microarrays. In the case of two colored microarrays the control and the 
experimental samples are labelled with green and red colors respectively are hybridized together in the 
microarray wells, whereas for one color (or single colored) microarrays one type of sample (either 
experimental or control) are labelled (generally with green color fluorescence), and hybridized with the 
probes (Trevino, Falciani, & Barrera-Saldaña, 2007).   
 
Gene expression regulates the phenotype of tissues, so it is quite important to measure the 
expression of the genes in a particular tissue type (or diseased condition), in reference to a control 
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condition. Generally, when we are measuring the expression of genes in a tissue type, the control 
condition is the gene expression across the whole organism. This differential expression between genes 
across different conditions are generally calculated using various statistical tests starting from simpler 
hypothesis testing methods like t-test (Student, 1908) to more complex methods like Analysis of 
Variance (ANOVA) (Fisher, 1921).   
 
Specific bioinformatics tools and algorithmic models have been developed to calculate 
differential expressions for microarray data. Linear models for microarray data (limma) (Ritchie et al., 
2015a) a package in the Bioconductor suite (W. Huber et al., 2015) of tools in R (Team, 2015) is one 
of the most important differential expression tools. It has built in methods to read in the raw data, 
normalize the data using different algorithmic methods like quantile and lowess, followed by 
differential expression estimation. Limma uses a linear modelling method wherein the gene expression 
is fit to a gene-wise linear model using an empirical Bayes approach (Ritchie et al., 2015a; Smyth, 
2004). Another popular bioinformatics tool suite is GeneSpring (Agilent). GeneSpring is a JAVA GUI 
based tool and contains similar built in methods for pre-processing microarray data (Normalisation). 
The major difference between Limma and GeneSpring in determining differential expression (DE) is 
that, GeneSpring uses ANOVA and t-test to calculate the DE instead of the linear regression methods 
used in limma. The output from both methods provides the user with fold change between genes in 
different conditions as measure of differential expression and the significance of the statistical tests 
being represented by the q value obtained using False Discovery Rate (FDR) corrections via multiple 
testing correction methods. For limma the method is Benjamini Hochberg (Benjamini & Hochberg, 
1995), but for GeneSpring the user has the option to choose from Bonferonni (Bonferroni, 1936) and 
Benjamini Hochberg (Benjamini & Hochberg, 1995). 
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Gene Expression data can be used to also answer much more complex questions, other than 
simply understanding the expression of genes across different conditions. Genes that are found to be 
co-expressed in a given experimental or wild type condition may either be controlled by the same 
transcription factor/factors or may be part of the same biological pathway or share similar biological, 
cellular or molecular function or are part of the same protein complex (Weirauch, 2011).  One of the 
methods used to further investigate this property computationally is to construct statistical co-
expression networks. Different parametric and non-parametric correlation methods have been used to 
investigate the relationship between the genes.  Pearson correlation method (Fisher, 1921), calculates 
the correlation or linear dependence between 2 entities (FISHER, 1915; GAYEN, 1951; Pearson, 
1895). It is the covariance of two variables divided by the product of their standard deviation. The 
Pearson correlation method values range between -1 to +1, with 0 being no correlation, -1 representing 
maximum negative correlation and +1 representing maximum positive correlation. Spearman 
Correlation (Spearman, 1904) on the other hand is a non-parametric method of measuring the 
correlation between two variables. The major difference between Spearman and Pearson Correlation is 
that Spearman can deduce the correlation between both linear and non-linear variables. The formula 
for Spearman correlation is same, the only difference is that the formula is used on ranked variables. 
The Spearman Correlation values also range from -1 to +1, with 0 being no correlation, -1 representing 
maximum negative correlation and +1 representing maximum positive correlation. Another method of 
correlation is Distance correlation that is used for multivariate cases where a non-linear or non-
monotone dependence can exist between 2 variables, which cannot be measured by classical correlation 
methods (Székely & Rizzo 2009). The distance correlation function (R) for two variables X and Y, can 
be thus defined as 
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i) R (X, Y) is defined for X and Y in arbitrary direction. 
 
ii) R (X, Y) =0 characterizes independence of X and Y. 
 
Distance correlation satisfies 0≤R≤1 and R=0, only if X and Y are independent. 
 
The other important factor in this genomics study is to deduce the biological significance once 
we understand their statistical relationship in a system. Two different kinds of databases are generally 
used for this purpose: Gene Ontology databases provide information about the functional relationship 
between the genes and Interaction databases extract the known physical interaction between genes. 
Gene ontology functional classification can be broadly divided into 3 different categories: 
Biological Processes (BP), Molecular Function (MF) and Cellular components (CC). The Gene 
Ontology functional classification databases use different organism databases like Ensembl (for 
humans) (Aken et al., 2016), Flybase (for Drosophila) (Attrill, Falls, Goodman, Millburn, Antonazzo, 
Rey, Marygold, & FlyBase Consortium, 2016) and Worm base (for C. elegans) (Harris et al., 2010), to 
extract functional relationship data for the genes of interest and then perform various statistical methods 
to cluster the functional gene groups.  There are various Gene Ontology tools like PANTHER (Mi, 
Poudel, Muruganujan, Casagrande, & Thomas, 2016), Gorilla (Eden, Navon, Steinfeld, Lipson, & 
Yakhini, 2009) and DAVID (Huang, Sherman, & Lempicki, 2009c). DAVID functional annotation 
uses the Expression Analysis Systematic Explorer (EASE) score (Hosack et al., 2003), which is a 
modified Fisher’s Exact test (Fisher, 1922). In EASE score calculation, the parameters which are taken 
as input are the number of genes in the user list which are in a particular functional pathway (deduced 
from the organism databases), number of genes in the user list not in the pathway (Total number of 
genes in the user list – Number of genes in the user list that are in a particular pathway), number of 
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genes in the organism’s genome that are in the same pathway and Number of genes in the whole genome 
that are not in the pathway. The only deviation here from the Fisher’s Exact Test, is that 1 is subtracted 
from the number of genes in the user list in a given pathway, so as to reduce the chance of false positive 
gene sets. A fuzzy clustering method is then used to cluster this gene groups making the EASE score 
as the measurement of distance. 
Interaction databases use published interactions between genes and construct networks of 
connections between genes based on different physical and database resources demonstrating the 
interactions. Interaction databases can be broadly divided into types: Gene Interaction databases like 
GeneMania (Warde-Farley et al., 2010a) and BioGrid (Chatr-Aryamontri et al., 2015); and Protein 
Interaction databases like STRING (Szklarczyk et al., 2011). Interaction networks mine literature for 
specific interactions as well as databases to extract interaction information. The scoring of interaction 
is based on the importance of the source and the interactions are visualized using tools like Cytoscape.  
1.3 Neuronal Architecture and its Biomedical Significance  
Neurons, a group of complex cell types, form the building block of the nervous system, and 
help in transferring information, across in the form of electrical and/or chemical signals. A neuron can 
be differentiated into three components: the cell body (soma), the fiber-like structure with tree like 
structure in the terminal ends, through which information is transferred from one neuron to the next 
(axon) and the tree like structure (dendrite), which receives and integrates signals from other neurons. 
Information transfer from one neuron to the next happens through the synapse between the axons and 
the dendrites. As dendrites play a major role in neural transmission, the morphology of dendrites is 
critically important in determining the functions, signal integration and circuit assembly of the neurons 
(reviewed in (Nanda, Das, Cox, & Ascoli, 2017)).  
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Cytoskeleton is an integral component of an eukaryotic cell and it provides the cell shape and 
stability (Alberts, Wilson, & Hunt, 2008). Cytoskeleton is composed of three major components: 
microfilaments (actin subunits)F-actin, microtubules (tubulin subunits) and intermediate filaments 
(variable subunits). Each of these components has distinct functions. Actin filaments, are primarily 
responsible for cellular shape and cell locomotion, while microtubules, determine location of cellular 
organelles and are also responsible for intra-cellular transport. Intermediate filaments on the other hand 
provide mechanical strength. These diverse functions of the components makes cytoskeleton an 
important player in cellular functionalities, and it plays a major role in cellular events like, cell division 
where it helps in chromosome segregation during cell division by helping the organization of the 
spindle fiber and also during cytokinesis (Alberts et al., 2008). The cytoskeleton plays an essential role 
in intracellular and extracellular transport, and also has been associated with various cell signaling 
pathways. Cytoskeletal machinery is dynamic in nature and in muscle cells it promotes contraction of 
muscle fibers, whereas in neurons it plays a role in the extension of the axon and the dendritic branches. 
The proper transfer of signal across neurons are dependent on the shape and structure of the 
dendritic arbors. These factors play a role in dictating the number of branches and the distribution of 
the dendritic arbors, which controls the number of synaptic connections the neuron can have. Dendrites 
undergo continous changes in their shape, during development, to enable proper wirinig, synapse 
formation and finally development of neural circuits (Koleske, 2013).  
 The F-actin provides the spine stability, shape, maintains the post synaptic signaling machinery 
and promotes change in spine structure(Fifková & Delay, 1982; Fischer, Kaech, Knutti, & Matus, 1998; 
Hotulainen & Hoogenraad, 2010; Matus, Ackermann, Pehling, Byers, & Fujiwara, 1982; Star, 
Kwiatkowski, & Murthy, 2002). Microtubules on the other hand are an essential component of the 
dendrites and provide the dendrite with stability, organelle and dendritic building material  transport 
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and organelle anchoring (Conde & Cáceres, 2009). The F-Actin assembly is done by the addition of 
ATP activated globular actin (G-Actin) on the plus end (the barbed end), while the microtubule filament 
is constructed by addition of GTP activated α/β tubulin on the plus end (Alberts et al., 2008).  
As the cytoskeletal architecture is essential for the neurons, the maintenance and stability of the 
same is extremely important. A number of molecules play a part in this process. For example, in case 
of F-Actin polymerization, molecules like Actin related protein 2/3 (Arp 2/3) and formin play a role in 
polymerization of the G-actin to F-Actin. Arp 2 and Arp 3 proteins mimic the barbed end (plus end) of 
growing F-Actin, to add the activated G-Actin in forming the filament and also helps in assembling 
actin network by forming branches of formed from G-actin on already existing Actin filaments, at an 
angle of 70 degrees (Volkmann, 2001). Formin on the other hand helps in the addition of G-Actin, by 
dimerizing to form a hooped shaped structure to form a cap, to stabilize the F-Actin (Xu et al., 2004). 
Another molecule that helps in polymerization of the G-Actin to filament is Spire, which has four WH2 
domain, that recruits G-Actin molecules to form a tetramer, and act as a seed for F-Actin polymerization 
(Baum & Kunda, 2005). GTP-ases also play a role in the development of dendrites with RAC 
responsible for stability of dendritic spine, which was observed by loss of function study (Nakayama, 
Harms, & Luo, 2000), while Rho and RhoA is responsible for destabilization of the spine as observed 
by a gain of function study on the dendrites (Tashiro, Minden, & Yuste, 2000; Xing, Yao, Williams, & 
Bassell, 2012).  
In case of microtubules in dendrites, Microtubule associated Protein 1 (MAP1a) and 
Microtubule associated Protein 1 (MAP2a), promotes microtubule polymerization and stabilization  
(Bloom, Schoenfeld, & Vallee, 1984; De Camilli, Miller, Navone, Theurkauf, & Vallee, 1984; G. 
Huber & Matus, 1984). MAPs also protect the microtubules in the dendrites from Katanin, a  
microtubule severing enzyme, that destabilizes the dendritic arbor, by making the microtubules 
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unstable (Sudo & Baas, 2010). Stability of the microtubules are also maintained by the detyrosination 
of the α tubulin, to protect it from kinesin 13 family of microtubule depolymerases (Peris et al., 2009). 
Another important factor of dendrite maintenance is that there is a constant requirement of proteins and 
lipids, needed for its functioning. Although local protein synthesis mechanism produces protein, a 
massive amount of protein is trafficked via microtubule, as mutation in microtubule based motors 
dynein and kinesin, causes defects in dendritic arborization (da) formation and stabilization (Satoh et 
al., 2008a; Zheng et al., 2008a). Golgi outposts responsible for microtubule nucleation and membrane 
based cargo trafficking and recycling are also localized on the dendritic arbor branch points and are 
responsible for dendritic polarization and branch elongation  (Horton et al., 2005; Ori-McKenney, Jan, 
& Jan, 2012; Peris et al., 2009; Zheng et al., 2008a). 
As neurons are essential for signal transmission, its defects are the cause of numerous 
neurological diseases. Reduction in branches and length of dendritic arborization and reduction in spine 
density in the cerebral cortex has been observed in Down’s Syndrome (Takashima, Becker, Armstrong, 
& Chan, 1981), and reduction of spine density and appearance of long, tortuous spines have been 
observed in other mental retardation diseases like Fragile X syndrome and Patau syndrome (Marin-
Padilla, 1972; Wisniewski, Segan, Miezejeski, Sersen, & Rudelli, 1991). Cytoskeletal architecture and 
dendritic signaling plays a role in Fragile-X syndrome as cytoskeleton regulator Rho related proteins 
and dendritic signaling protein Fragile-X mental retardation protein (FMRP) are disrupted in the disease 
condition (Ramakers, 2000). In Neurodegenerative diseases, there is a loss of dendritic spines in 
diseases like Alzheimer’s and Parkinson, while in Huntington disease there is an increase in spine 
density in moderate cases, but complete loss in severe cases (el Hachimi & Foncin, 1990; Ferrante, 
Kowall, & Richardson, 1991; McNeill, Brown, Rafols, & Shoulson, 1988). 
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1.4 Drosophila da neurons: The model of study 
D.melanogaster or the common fruit fly is an important model organism to study as it has been 
found that approximately 75% of all human disease genes have sequence similarity with the genes in 
the fly genome (Reiter, Potocki, Chien, Gribskov, & Bier, 2001a). The other factor that plays a role in 
its importance as a model organism is the fact that it has a short life cycle (approximately 12 days), is 
easy to maintain and culture, has a small genome size compared to humans. It was the first fully 
sequenced eukaryotic organism and was used to test the shot-gun approach of sequencing before it was 
done on human sequences (Adams et al., 2000) and has been sequenced numerous times after that and 
the currently available whole genome assembly is the 6th release from Berkeley Drosophila Genome 
Project. As previously stated regarding its sequence similarity with human disease genes, Drosophila 
has been used as a model to study human diseases like cancer (Nagaraj & Banerjee, 2004; Olivier et 
al., 1993; Simon, Bowtell, Dodson, Laverty, & Rubin, 1991; Vidal & Cagan, 2006), cardiovascular 
diseases (Bryantsev & Cripps, 2009; Ocorr, Akasaka, & Bodmer, 2007) and neurodegenerative diseases 
(Crowther et al., 2005; Feany & Bender, 2000; Finelli, Kelkar, Song, Yang, & Konsolaki, 2004; 
Seidner, Ye, Faraday, Alvord, & Fortini, 2006) 
Drosophila dendritic arborization (da) neurons in the peripheral nervous system (PNS) serve as 
a powerful model for dissecting the molecular underpinnings of transcriptional, as well as miRNA-
mediated, control of cell-type specific dendritic development. The da neurons can be divided into four 
distinct classes based on the complexity of their dendritic arbors. The division of these sensory neurons 
into subclasses is based on the increasing order of dendritic complexity with Class I neurons having the 
least complex dendritic morphology and Class IV having the most complex dendritic morphology 
(Figure 1-1).  Functional properties are associated with these da neuron subtypes (Figure 1-1).  
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Figure 1.1. Class Specific Architecture of da neurons and corresponding functions.  
The da neurons are divided into 4 classes based on the dendritic complexity; with Class I having the 
simplest architecture and Class IV having the most complex and Class III having actin rich filopodial 
structures. Each of the subtypes have been associated with sensory functions, including proprioception, 
mechanosensation and nociception. (Adapted from (Turner et al., 2016)) 
 
1.5 Transcription factor roles in da neuron dendritic architechture 
Transcription factors (TFs) have emerged as critical cell intrinsic regulators of dendritic 
morphologies involving both combinatorial and cell-type specific effects. At a molecular level, various 
TFs, exhibit distinct patterns of expression that play major functional roles in class-specific dendritic 
architectures (Jan & Jan 2010; Singhania & Grueber 2014) (Figure 1-2). Comprehensive studies, 
including genome-wide analyses, in Drosophila da sensory neurons have provided substantial insight 
into individual and combinatorial roles for transcription factors in driving class-specific 
dendritogenesis (Hattori et al. 2007; Jinushi-Nakao et al. 2007; Kim et al. 2006; Moore et al. 2002; 
Sugimura et al. 2004; Mikolaj J. Sulkowski et al. 2011; Ye et al. 2011; Grueber et al. 2003; Crozatier 
& Vincent 2008; Gao et al. 1999; Li et al. 2004; E. P. R. Iyer et al. 2013; S. C. Iyer et al. 2013), however 
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the molecular mechanisms via which these transcription factors govern arbor development and 
dynamics remains incompletely understood (Santiago & Bashaw 2014). An ensemble of transcription 
factors, including Cut, Abrupt, Knot (also known as Collier), Dar1, and Lola, are required as major 
regulators of cell-type specific da sensory neuron dendritic morphogenesis and while recent studies 
have begun to link cell-type specific transcription factor activity to cytoskeletal regulation and other 
pathways (Ferreira et al. 2014; Hattori et al. 2013; Iyer et al. 2012; J. Nagel et al. 2012; S. C. Iyer et al. 
2013; Jinushi-Nakao et al. 2007; Ye et al. 2011), much remains unknown regarding the molecular 
mechanisms via which transcription factors direct final arbor shape through spatio-temporal 
modulation of dendritic development and dynamics (Figure 1-2). 
The transcription factor abrupt (ab), a BTB zinc-finger protein and a negative regulator of the 
ecdysone signaling (Jang, Chang, Bai, & Montell, 2009), is found to be highly expressed in Class I 
subtype of the da neurons. The transcription factor has been associated with the regulation of the branch 
numbers, by positively regulating lola, which was validated by both microarray and phenotypic 
validation, which down regulates the expression of spire (Ferreira, Ou, Li, Giniger, & van Meyel, 2014; 
Y. Hattori et al., 2013). Also ab regulates the dendritic branch directionality, by positively regulating 
the expression of the gene ten-m, that codes for the cell adhesion molecule Tenascin major (Ten-m) (Y. 
Hattori et al., 2013). 
Cut, a homeodomain TF protein that is not expressed in Class I, but has differential expression 
levels in Classes II-IV, with the maximum expression in Class III (Grueber, Jan, & Jan, 2003; Singhania 
& Grueber, 2014). Loss of function studies of Cut in Class III produces dendritic morphology similar 
to Class I; whereas ectopic overexpression studies in Class I produces morphology similar to Class III 
(Grueber et al., 2003). Singed/Fascin, an actin bundling protein is regulated by Cut and provides the 
actin rich filopodial structure, which is a signature of the Class III da neuron morphology (Nagel et al. 
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2012). Trio, which is a guanine exchange factor (GEF), is upregulated by overexpression of Cut, and 
also overexpression of Trio, in Cut knockdown background in class III (Loss of Cut in Class III), 
restores Class III like morphology, which is dependent upon Trio regulation of the small GTPase Rac1 
(Iyer et al. 2012). Another protein, the cell-surface receptor Turtle, is positively regulated by Cut, and 
has also been identified to be affecting the dendritic morphology in class III neurons (Sulkowski et al. 
2011). While both Turtle and Trio are positively regulated by Cut, neither of them are direct targets of 
Cut (Sulkowski et al. 2011; Iyer et al. 2012), whereas in both class III and class IV neurons, Cut has 
been shown to regulate the expression of the TF CrebA which then promotes the expression of the 
COPII secretory pathway machinery to promote class-specific dendritic growth and branching (Iyer et 
al., 2013). Cut also play a role in the Class IV neurons, by regulating dendritic arbor branching, 
dendritic length and also the arbor area (Grueber et al. 2002). 
Knot (kn), a Collier/EBF/Olf-1 (COE) TF protein is specifically expressed in Class IV neurons 
and plays a major role in defining the complex structure of the Class IV neurons, by positively 
regulating the microtubule severing protein Spastin, which in turn creates sites for microtubule growth 
and thereby promotes CIass IV dendritic growth and branching  (Jinushi-Nakao et al., 2007). The 
transcription factor lola, has a positive regulatory effect on both ct and kn. Knot also positively regulates 
lola, which negatively regulates the expression of the actin nucleation factor Spire (Ferreira et al., 2014; 
Y. Hattori et al., 2013). Knot also positively regulates the Tenascin family gene Ten-m, that provides 
radial orientation to the class IV da neuron architecture.   (Figure 1-2) 
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Figure 1-2 Transcriptional regulation of da sensory neuron dendritic architecture. 
Class specific dendritic morphology in the dendritic arborization neurons are regulated 
by specific transcription factors. Class I dendritic morphology has been associated with the 
transcription factor Abrupt and Longitudinals lacking (Lola), whereas Cut has been associated 
with the dendritic morphology of class II-IV da neurons. Knot and Dendritic arbor reduction 1 
(Dar1) have been implicated in class IV dendritic architecture. The expression of the 
transcription factors are also class specific, with Abrupt having expression only in class I and 
Knot having expression in class IV. On the other hand Cut has differential expression in class 
II, class III and class IV, whereas Lola is expressed across all the classes. (Adapted from 
(Turner et al., 2016)). 
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1.6 Post Transcriptional Regulation: microRNA  
Mature miRNAs are processed from the miRNA transcript (pri-miRNA) which are first 
transformed into ~70 nucleotide long pre-miRNA by Drosha in the nucleus, and then transferred to the 
cytoplasm by Exportin-5, where it is cleaved into ~21 nucleotide long mature miRNA by the RNA-ase 
III enzyme Dicer (Bartel 2009; Bartel 2004; Hutvágner & Zamore 2002; Lee et al. 2003; Lund et al. 
2004). The strand of the mature miRNA having the most unstable 5’end (guide miRNA), forms the 
RNA induced silencing complex (RISC), by binding to Argonaute proteins (Siomi & Siomi 2010; 
Sontheimer 2005). The 2-8 nucleotides of the 5’ untranslated region (UTR) of the guide strand (also 
called the seed region), binds with complementarity to the 3’ untranslated end of target mRNAs (known 
as the seed match), leading to degradation of the mRNA when there is precise complementarity and 
translational inhibition of the proteins, when there is partial complementarity. (Filipowicz et al. 2008; 
Lee et al. 1993; Siomi & Siomi 2010) (Figure 1-3). A single micro RNA can regulate multiple mRNAs, 
similarly a single mRNA can be regulated by multiple miRNAs. 
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Figure 1.3 Transcriptional regulation of da sensory neuron dendritic architecture. 
             The miRNA transcript pri-miRNA are transformed into the ~70 nucleotide long pre-miRNA, 
by Drosha, which are then transported to the cytoplasm via exportin-5. In the Cytoplasm this pre-
miRNA are cleaved by Dicer  into miRNA:miRNA* duplex. The 5`end of the duplex, forms the 21 
nucleotide long mature miRNA. The mature miRNA forms the RISC complex with Argonaute, and 
complementarily binds to mRNA targets to promote translational repression or miRNA 
cleavage.(adapted from (L. He & Hannon, 2004) ) 
 
 
For its gene regulatory functionalities, miRNAs have been associated with numerous human 
diseases as diverse as cancers (Calin et al., 2002, 2004; Valeri et al., 2010; Volinia et al., 2012) to 
viral diseases  (Y. Li et al., 2010; Linnstaedt, Gottwein, Skalsky, Luftig, & Cullen, 2010; Randall et 
al., 2007) to neurodegenerative diseases (J. Kim et al., 2007; Martins et al., 2011; Nunez-Iglesias et 
al., 2010; Xiao et al., 2009). Understanding the targets for microRNA thus is important, not only 
would it make it easier for us to understand the regulatory nature of the miRNA in the disease 
condition, it would ensure that we can also use model organisms like D.melanogaster, for trials of the 
therapeutic methods. Studies of microRNA in D. melanogaster has revealed its importance as 
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regulator of numerous developmental functions, most prominently in neuronal development. These 
aspects of Drosophila make it an important model organism to understand microRNA regulations. 
As miRNA mostly functions as a regulator of gene expression, it is important to detect its 
targets to fathom the impact it has on a given biological process. To investigate the target mRNAs for 
a given miRNA, a number of computational target prediction tools have been developed over the 
years, based on the different features of miRNA:mRNA interaction (Reviewed in Peterson et al., 
2014). Generally features taken into consideration are mainly biophysical properties, like seed 
matches, Gibb’s Free energy (Gibbs, 1873) and conservation of miRNA and mRNA seed sequence 
across different organism. Although biophysical approaches help in determining targets none of these 
techniques take into consideration the expression of the microRNA or its targets in a given tissue of 
interest. This is one of the caveats of these techniques, because other than the biophysical factors 
there might be factors like transcriptional repression of the microRNAs in tissue of interest, which 
might lead to no interaction between the miRNA and its biophysical targets. For these shortcomings, 
integrative target prediction tools have been developed that take into considerations expression as 
well as biophysical properties into consideration while predicting targets. One issue with this 
approach is most of the tools that use this approach requires both the miRNA as well as the mRNA 
microarray data. This is not always available, as observed by limited number of miRNA expression 
datasets, compared to mRNA expression datasets, as observed in Gene Expression omnibus (Barrett 
et al., 2013). 
 
1.7 Summary  
Both transcriptional and post transcriptional mechanisms have been associated with the 
dendritic morphology regulation in the da neurons of the peripheral nervous system in Drosophila. It 
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has been established that the transcription factors, Cut and Knot, regulate dendritic morphology of the 
complex Class III and Class IV, and although we know some of the downstream targets of both Cut 
and Knot, none of the previous studies have conducted genomic-wide transcriptomic analyses of 
these transcription factors. Here we identify and investigate novel downstream targets of Cut and 
Knot using a neurogenomics approach. Further we investigate the downstream regulators of 
Knot, in wild type Class IV neurons by using available genomic, proteomic and experimental 
data to construct a functional gene regulatory network. 
For the post transcriptional regulation mechanisms, much is yet to be understood about their 
functionalities. As the biophysical methods of target prediction does not always produce true putative 
targets, an integrative approach of using biophysical and expression data for target prediction, can be 
a better solution.  In this dissertation, using an integrative approach of genomic expression data 
and biophysical property databases, we identify targets for intragenic miRNAs in Drosophila. 
We build a R based database tool based on these analyses and experimentally validate select 
targets using the da neurons of the peripheral nervous system in Drosophila. Using statistical 
correlation methods, we also investigate the relationship between co-expressing miRNAs 
sharing similar biological features. Using the database tool and experimental methods, we also 
identify and investigate targets of these miRNAs and elucidate their phenotypic effect(s) on da 
neurons. 
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2 CHARACTERIZATION OF TRANSCRIPTIONAL REGULATORY NETWORKS 
FOR TWO KEY TRANSCRIPTION FACTORS, CUT AND KNOT, WHICH 
FUNCTION TO DIFFERENTIALLY REGULATE THE DENDRITIC 
CYTOSKELETON IN SPECIFYING CELL-TYPE SPECIFIC NEURONAL 
ARCHITECTURES. 
(This chapter contains selected work from the following manuscript:  Combinatorial transcriptional 
regulation modulates cytoskeletal-mediated dendritic arbor development in D.melanogaster. Das, 
R., Bhattacharjee, S., Harris, J.M., Bhattacharya, S., Patel, A.A., Nanda, S., Iyer, E.P.R., Ascoli, G.A. 
and Cox, D.N. (2017)). 
2.1 Scientific Premise 
Targets of a transcription factor can be broadly classified into two kinds- physical targets and 
genetic targets. Physical targets are those targets, which are directly regulated by the transcription 
factor, by binding to the promoter region of the target genes. Transcription factors can also regulate a 
particular gene, by regulating other transcription factor/factors that in turn regulates that particular 
gene. This are called genetic targets. A transcription factor can form a regulatory network, with these 
direct and indirect targets, regulating biological pathways responsible for development. 
Dendrites play a significant role in the transfer of signal, across neurons and defect in the 
same causes a number of neurological diseases. Development and stability of the dendrites depend on 
a number of factors, and the cytoskeletal machinery comprising of actin and microtubules play a 
major role. A number of biological factors, especially transcription factors play a major role in the 
maintenance of the dendritic architecture by regulating the expression the genes associated with the 
production and maintenance of the cytoskeletal machinery. 
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In D.melanogaster, peripheral nervous system, the dendritic arborization (da) neurons or multi 
dendritic neurons (md) can be divided broadly into four different classes, Classes I-IV, based on 
increasing dendritic complexity. Class I dendrites are the simplest while Class IV are the most 
complex, with Class III having distinctive actin rich filopodial structures. Each of these class specific 
signatures has been associated with a specific group of transcription factors. Although, there have 
been reports of transcriptional regulatory machinery of Class I, Class III and Class IV, no 
transcription factor regulatory mechanism has been identified for Class II morphology yet. 
   In this dissertation, our focus is primarily on two transcription factors that regulate the 
morphology of the complex Class III and Class IV: Cut and Knot. Although we know some of the 
downstream targets of both Cut and Knot (reviewed in (Nanda et al., 2017)), none of the previous 
studies have conducted genomic-wide transcriptomic analyses of these transcription factors. Here we 
identify and investigate the novel downstream targets of Cut and Knot using a neurogenomics 
approach. Further we investigate the downstream regulators of Knot, in wild type Class IV by using 
available genomic, proteomic and experimental data to construct a functional gene regulatory 
network. 
2.2 Material and Methods 
      2.2.1 Drosophila strains 
Drosophila stocks were reared at 25°C on standard cornmeal-molasses-agar media. Fly strains 
used in this study were obtained from Bloomington (UAS-RNAi TRiP lines) and the Vienna 
Drosophila Research Center (UAS-RNAi GD and KK lines). Additional stocks included: 
GAL4221,UAS-mCD8::GFP; GAL4477,UAS-mCD8::GFP/CyO,tubP-GAL80;GAL4ppk.1.9,UAS-
mCD8::GFP; GAL4477;ppk-CD4::tdTomato;UAS-cut;GAL4221,UASmCD8::GFP; UAS-
kn;GAL4221,UASmCD8::GFP; UAS-GMA::GFP; GAL4477,UAS-Jupiter::mCherry; w, ctc145, 
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FRT19A/y+, ct+,Y; and y,w, tubP-GAL80,hsFLP,FRT19A. OregonR was used as a wild-type strain. 
For 92% of the genes screened, a minimum of 2 gene-specific UAS-RNAi lines were used for 
mitigating off-target effects, and crosses were performed at 29°C.  
 2.2.2 Drosophila CRISPR-mediated conditional mutagenesis  
The guide RNAs were designed to avoid selecting any potential off-targets using the CRISPR 
target finder tool (http://tools.flycrispr.molbio.wisc.edu/targetFinder/) and were cloned into the 
pCFD4 plasmid following previously published protocols (Port, Chen, Lee, & Bullock, 2014). The 
knot locus encompasses 34,412 bases, which exceeds the limit of flyCRISPR for guide RNA (gRNA) 
predictions. We therefore used the CDS region of knot isoform PB to identify putative gRNA targets. 
The CRISPR plasmids were then sent to GenetiVision Corporation (Houston, TX) for transgenic 
production. To generate class IV specific Cas9 flies, GAL4[477]UAS-mCD8::GFP flies were 
combined with UAS-Cas9 flies(Bloomington stock ID 54595). These flies were then outcrossed to 
flies co-expressing U6:1-gRNA-kn1 and U6:3-gRNA-kn2 to generate conditional CRISPR mutant 
class IV neurons.  
2.2.3 Cell isolation, purification, and microarray expression profiling 
The isolation and purification of class I da neurons were performed as previously described 
(Iyer et al. 2009; E.P.R. Iyer et al. 2013; S.C. Iyer et al. 2013) with minor modifications. Briefly, 40-
50 age-matched third instar larvae expressing mCD8::GFP under the control of the class I GAL4221 
driver, in the presence or absence of UAS-cut or UAS-kn, were collected and washed several times in 
ddH20. The larvae were then rinsed in RNAse away, ddH20 and finally dissected. The tissue was then 
dissociated to yield single cell suspensions, which were filtered using a 30µm membrane. The filtrate 
is then incubated with superparamagnetic beads (Dynabeads MyOne Streptavidin T1, Invitrogen) 
coupled with biotinylated mouse anti-CD8a antibody (eBioscience) for 60 minutes. Finally, the da 
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neurons attached to the magnetic beads were then separated using a powerful magnetic field. The 
isolated neurons were washed at least five times with PBS to remove any potential non-specific cells 
and the quality and purity of isolated neurons was assessed under a stereo-fluorescent microscope 
equipped with phase contrast for examining the number of fluorescent (GFP-positive) vs. non-
fluorescent (GFP-negative) cells. Only if the isolated cells were free of cellular debris and non-specific 
(i.e. non-fluorescing) contaminants they were retaines. The purified class I neuron populations (control; 
ectopic Cut; ectopic Kn) were then lysed in SuperAmp™ (Miltenyi Biotec) RNA lysis buffer followed 
by storage at -80°C. mRNA isolation, amplification, labeling, and microarray hybridization were 
conducted by Miltenyi Biotec.  250 ng of cDNAs were used as a template for Cy3 labeling followed 
by hybridization to Agilent whole D.melanogaster genome oligo 4×44 K microarrays.  All microarray 
analyses were performed in triplicate.  
2.2.4 Neurogenomic analyses 
Pre-processing of microarray datasets was performed as previously discussed (Bhattacharya, 
Iyer, Iyer, & Cox, 2014).  Briefly, Agilent Feature Extraction Software (FES) was used to read out and 
process the triplicate microarray image files. The software was used to determine feature intensities 
and perform background subtraction, reject outliers and calculate statistical confidences. The raw data 
were quantile normalized and only those gene probes which are flagged as positive and significantly 
expressed above background are selected for further analysis. Microarray data, including metadata, raw 
data, and quantile normalized datasets have been deposited into the Gene Expression Omnibus (GEO) 
under accession number GSE83938.  Differential expression analysis is then performed on these 
normalized data using three different methods: t-test (Student, 1908), Limma (Ritchie et al., 2015a) and 
GeneSpring GX (Agilent Technologies). While t-test is a hypothesis test, Limma uses linear models, 
with empirical Bayesian methods to get the differentially expressed genes. GeneSpring on the other 
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hand uses ANOVA to perform the analysis. The output change in differential expression is Fold change 
for GeneSpring and Limma, whereas for t-test it is t-value.  Adjusted p-value was calculated for t-test 
analysis using p.adjust function in R, whereas GeneSpring and limma provides the same as an output.  
A threshold of Benjamini Hochberg (BH) (Benjamini  and  Hochberg, 1995) corrected p-value of  <0.05 
and a fold change of greater than +1 (for over-expressed) and less than -1 (for under expressed), were 
considered for Limma and GeneSpring, whereas for the t-test a t-value of greater than +1 and value 
less than -1 were considered. All the genes which were found in more than one method were considered 
for further analysis. The functional annotation tool DAVID (Huang, Sherman, & Lempicki, 2009a; 
Huang et al., 2009c) was used to cluster targets based on their Biological Functions (BF). Gene 
ontologies (GO) terms for BFs of particular interest in this study included those linked to the following 
biological processes: cytoskeletal function; cell/organ morphogenesis; neuron development; pattern 
formation; and transcription. 
2.2.5 Phenotypic screening and live image confocal microscopy 
Virgin GAL4477,UAS-mCD8::GFP/CyO,tubP-GAL80; GAL4ppk.1.9,UAS-mCD8::GFP (CIV-
GAL4), were crossed to individual, gene-specific UAS-RNAi transgenic males or out-crossed to wild-
type Oregon-R males as control, followed by rearing at 29°C. Each gene-specific UAS-RNAi strain was 
assigned a randomly generated numerical code and screening was conducted double-blind to the 
identity of the gene targeted by the UAS-RNAi construct. 6–10 fluorescent third instar larvae bearing 
both the CIV-GAL4 and UAS-RNAi were analyzed via live image confocal microscopy and 
representative image data was collected. For live confocal analyses, larvae were placed on a microscope 
slide, immersed in 1:5 (v/v) diethyl ether to halocarbon oil and covered with a 22×50 mm glass 
coverslip. Neurons expressing GFP were visualized on a Zeiss LSM 780 confocal microscope. Images 
were collected as z-stacks using a 20X dry objective at a step-size of 2.0 µm and 1024×1024 resolution.   
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2.2.6 Neurometric quantification 
Maximum intensity projections of the Z-stacks were exported as a jpeg or TIFF using Zen-blue 
software. Once exported images were manually curated to eliminate non-specific auto-fluorescent spots 
such as the larval denticle belts using a custom designed program, Flyboys. The raw pixel intensity for 
each image was globally thresholded and converted to a binary file format in Photoshop™ (Adobe). 
Background image noise was filtered out using the Analyze Particles plugin 
(http://rsbweb.nih.gov/ij/docs/menus/analyze.html#ap) in ImageJ (Size (pixels2) ≤50 microns, 
Circularity ≥0.35) (Bhattacharya et al., 2014). Next, images were skeletonized (conversion to 1 pixel 
wide “skeletons”) using the Skeletonize3D plugin (http://fiji.sc/wiki/index.php/Skeletonize3D) in 
Fiji/ImageJ followed by use of the Analyze Skeleton Fiji/ImageJ plugin 
(http://fiji.sc/wiki/index.php/AnalyzeSkeleton) for the output of quantitative neurometric measures of 
dendritic morphology (Arganda-Carreras, Fern?ndez-Gonz?lez, Mu?oz-Barrutia, & Ortiz-De-
Solorzano, 2010; T. C. Lee, Kashyap, & Chu, 1994) Quantitative neurometric information including 
total dendritic length and total dendritic branches was extracted and compiled using custom Python 
algorithms freely available upon request. The custom Python scripts were used to compile the output 
data from the Analyze Skeleton ImageJ plugin and the compiled output data was imported into Excel 
(Microsoft). Neurometric data was analyzed in Microsoft Excel and statistical tests were performed 
and plotted in GraphPad Prism 7.  
For Sholl analysis we used a Fiji plugin (http://fiji.sc/Sholl_Analysis) to plot the density profiles 
of branches as a function of distance from the cell soma; to determine the peak of maximum branch 
density (critical value/ # of intersection) and its corresponding radius, and to calculate the coverage 
area. For Strahler analysis, we used a Fiji plugin (http://fiji.sc/Strahler_Analysis) to analyze the 
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skeletonized images by iteratively pruning terminal branches and counting branch number in each 
iteration. 
2.2.7 Co-expression analysis 
            To understand the relationship between kn and its targets in a da neuron class where it is 
generally expressed in Wild type, we performed statistical correlation analysis using both a linear 
correlation method and a Non-linear correlation method. We used a quantile normalised microarray 
data set which contains expression data of genes across different developmental stages in Drososphila 
melanogaster (GEO ID: E-GEOD-23320) (Parrish et al., 2014). Our focus was mainly on the 
expression of gene in the three different larval stages: 1st Instar, 2nd Instar and 3rd Instar Larval stage. 
The quantile normalized data was first pre-processed before any correlation analysis was 
performed on the same, as there were missing values in the data-set. We used impute.knn function of 
the impute package in R (Hastie T, Tibshirani R, 2017), to add values to the cells missing values. 
Rows which had more than 75% cells empty, were not considered by the function to add values. The 
algorithm used for the imputation was knn (k-nearest neighbor), which added values to empty cells 
by first identifying nearest non-empty neighboring cells using Euclidean distance method, and then 
replacing the missing value with average of the non-empty cells. 
To identify genes co-expressed/correlated with kn, both linear (Pearson) and non-linear 
(Distance) correlation method was used.  Pearson correlation and Distance correlation analysis was 
performed between each gene, in each of the three larval stages. Pearson correlation or Pearson 
product moment correlation (which is denoted by r or ρ), can be defined as the correlation (linear 
dependence) between 2 variables X and Y giving a value between ±1. Distance correlation can be 
defined as a measurement of statistical dependence between 2 random variables or vectors of 
arbitrary, not necessarily equal dimensions. Distance correlation satisfies 0≤R≤1 and R=0, only if X 
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and Y are independent. cor.test from the stats package is used for finding the Pearson correlation as 
well as the p value associated to the same, while dcor.test from the energy package(Rizzo & Szekely, 
2011) in R was used for finding the p-value and the distance correlation. A threshold of p-value<0.05 
was considered for further consideration. 
2.2.8 Putative Targets Gene Ontology Classification 
To identify putative targets, we considered genes that were differentially expressed as well as 
correlated as per the co-expression analysis for further consideration. Using the knot ectopically 
expressed class I dataset, we identified differentially expressed genes that were results from the 
Limma and GeneSpring tools. Genes which had a Benjamini Hochberg (BH) (Benjamini  and  
Hochberg, 1995) corrected p-value of  <0.05 and a fold change of greater than +1 were considered for 
further consideration. Genes where considered to be a target of kn if they were present in Both 
correlation and Differential expression analysis was considered as targets 
 ((Gene)Pearson∪(Gene)Distance) ∩ ((Gene)Limma∪ (Gene)GeneSpring) 
Where, 
(Gene)Pearson: Constitutes the Pearson correlated genes 
(Gene)Distance: Constitutes the Distance correlated genes 
(Gene)GeneSpring: Constitutes the GeneSpring differentially expressed genes. 
(Gene)Limma: Constitutes the Limma differentially expressed genes. 
 
  To understand the biological functions of these gene list we use David Functional 
Classification (Huang, Sherman, & Lempicki, 2008). As our final goal was to look at genes involved 
in specific biological pathways, we grouped biological terms with similar properties under broader 
biological terms. We divided the biological terms into 3 different Classification: Intra cellular, 
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Extra Cellular and Others.  Terms like “Cell Cycle and Development”, “Cytoskeleton” and “DNA 
Related functions”, fell under the Intra-cellular group, while “Non-Neuronal and Non reproductive 
tissue development” and “Perception and Response to stimulus”, fell under the Extra-celluar 
Classification. For example, terms like “Cytoskeleton Organization” and “Actin Cytoskeleton 
Organization” are grouped under the broader term Cytoskeleton, which falls under the Intra-Cellular 
group. Similarly, terms like “muscle tissue development” and “skeletal muscle organ development” 
are under the Non-Neuronal and Non-reproductive tissue development term, which falls under the 
Extra-Cellular group. Terms which does not fall under any of the groups where grouped as Others. 
For example, terms like “aging” fell under Others. There are also terms which are under two or more 
broader categories, for example cytoskeleton-dependent cytokinesis are under both Cytoskeleton and 
Cell Cycle and Development. Genes associated for each of this terms are extracted for further 
analysis. 
2.2.9 Gene and Protein Interaction datasets 
Once we classified the genes into different functional groups, the next challenge was to 
identify whether they were having any interaction with other genes having similar functionality. To 
build the interaction map between the genes, we used three different databases; Genemania (Warde-
Farley et al., 2010b), Biogrid (Chatr-Aryamontri et al., 2015)and String (Szklarczyk et al., 2011). 
While Genemania database contain Genetic interactions, String database contains protein-protein 
interaction. Biogrid on the other hand contain both Genetic and protein interaction datasets. The 
dataset from each functional category was given as an input to each of the databases. We also used a 
DAMID dataset of kn transcriptional targets, i.e.kn binds to the promoter region of these genes (E-
GEOD-38659) (Y. Hattori et al., 2013).  We extracted the interacting gene symbols and interaction 
type for each of the interaction. 
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Once we identified the interacting genes and interaction method between them, we scored the 
interaction method based on type of interaction between them.  For examples methods that show 
physical interactions, get more scores compared to something which are termed as coexpression. On a 
0 to 0.5 scale terms like coexpression are given a score of 0.2, whereas terms like Physical 
interactions are given a score of 0.5, for Genemania. Similarly, for String terms like homology get a 
score of 0.4 whereas database annotation gets a score of 0.1 (Figure). For Biogrid the experimental 
validation can be broadly divided into 2 parts: Physical interaction with a score of 0.5 and Genetic 
interactions with a score of 0.4. For DAMID targets we gave a score of as they were direct targets of 
kn. 
2.2.10 Gene Regulatory Network 
We constructed the gene regulatory network for each of the functional categories. For the 
edge values, we have added all the scores to make the networks. We added the scores achieved from 
the interaction database (described in the Gene and Protein Interaction datasets section), the 
DAMID score (described in the Gene and Protein Interaction datasets section) and the correlation 
between the genes and knot and also between the targets, obtained from the Class IV microarray 
dataset. This was performed in R and the networkd were visualized using Cytoscape. 
2.2.11 Statistics and Visualization 
To determine the significant results for morphology analysis ANOVA with pairwise 
comparisons using Tukey’s Honest Significant Difference correction, or Student’s t-test.was used. p-
value <0.05 =*; p-value <0.01: **, p-value < 0.001: ***.    All the barplots have Standard error of mean 
error bars. Heatmap to show sample correlation was done with gplots (Warnes et al. 2016) package of 
R (R Core Team 2014). Barplots constructed using Prism (Graphpad). Pie charts were built using  
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https://www.meta-chart.com/pie. Venn Diagrams were constructed using Venny at  
http://bioinfogp.cnb.csic.es/tools/venny/. 
2.2.12 Contributions 
The following people contributed to the work: 
S. Bhattacharya: Microarray data pre-processing; Differential Expression analysis; 
Bioinformatics analyses and Knot Regulatory network. 
E.P.R. Iyer: mRNA microarrays. 
R. Das, S. Bhattacharjee, A.A. Patel: RNAi screening and phenotypic validations. 
J.M. Harris and U. Nguyen: neuronal reconstruction analyses. 
 
2.3  Results 
      2.3.1 Putative targets of Cut and Knot from bioinformatics analysis 
Although previous works have identified downstream targets for Cut and Knot, as well as 
ascertained their association with the dendritic architecture of the da neurons, none of these studies 
performed transcriptomic analyses in individual da neuron subclasses to investigate and identify the 
putative targets for these TFs thereby providing the subclasses with their signature identity. To 
investigate the effect of these transcription factors on their target genes, we used microarrays to identify 
differentially expressed genes, by expressing the TFs in a neuronal subclass where the TFs are not 
naturally expressed and comparing it with the expression of genes in the wild type neuronal subclass.  
We took advantage of the fact that neither Cut nor Knot are normally expressed in Class I da neurons, 
however ectopic expression of either of these TFs in Class I neurons leads to a dramatic increase in 
dendritic complexity more like the characteristics of dendrites observed in complex Class III and IV 
neurons. Consistent with a role in regulating the F-actin cytoskeleton, ectopic Cut expression in Class 
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I neurons leads to the de novo formation of actin-rich dendritic filopodia, which are normally observed 
in Class III neurons, whereas Knot ectopic overexpression leads to an increase in dendritic extension 
and branching phenotypically consistent with a role in promoting microtubule growth/dynamics. We 
used Agilent 4x44K whole genome D. melanogaster microarray profiles of Class I, cut ectopically 
expressed in Class I (CI X ct) and knot ectopically expressed in Class I (CI X kn), to determine the 
putative targets of the transcription factors. Each of this samples where assayed in triplicates 
 To first establish that the expression of genes within the sample condition was consistent and 
also identify the pattern of expression between the sample conditions, a correlation analysis followed 
by heatmap representation of the same was performed. Pearson correlation (correlation coefficient ρ) 
(Pearson, 1895) of quantile normalized gene expression, between replicates of each sample was high 
(1≤ ρ ≥ 0.97). Between the sample conditions there is a relatively high correlation between CI X Ct and 
CI X Kn (0.82 ≤ ρ ≥ 0.73) and between CI X Kn and control Class I (0.91 ≤ ρ ≥ 0.82), whereas between 
the sample conditions of CI X Ct and control Class I, the correlation coefficient is low (0.61 ≤ ρ ≥ 0.54) 
(Figure 2-2 a). 
To investigate the expression of the genes regulated by these two transcription factors, we 
compared the wild type Class I with ectopically expressed CI X ct / CI X kn. We use 3 different 
differential expression analysis method for this purpose, and identify genes that are statistically 
significant in 2 out of 3 of these tools. The differential expression tools used are: t-test (Student, 1908), 
limma (Ritchie et al., 2015b) and GeneSpring (Agilent Technologies). The 3 tests are different in 
nature, while t-test is a Hypothesis testing method we chose ANOVA as the method to identify 
differential genes in the case of GeneSpring. Limma on the other hand uses linear models to identify 
differentially expressed genes. A threshold of +1 to -1 fold change (or t-value in case of t-test) and 
Benjamini Hochberg adjusted p value <0.05, was used to identify the statistically significant genes. As 
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we used statistically different methods we used a further criterion of the genes appearing in at least 2 
out of 3 methods to get the most significant putative targets. By this analysis pipeline we identified for 
Cut, 905 differentially expressed genes, where identified for Knot 1199 genes were differentially 
expressed (Appendix 1a, 1b, Figure 2-2 b, c). 
Our next requirement was to identify genes that were involved in functions pertaining to 
biological processes relevant for dendritic development. Our focus for this part was to identify putative 
differentially expressed genes which were involved in Biological Processes (BP) that can be classified 
under broader terms like Cytoskeletal and Neuronal processes. For example, terms like cytoskeletal 
organization and actin organization are classified under Cytoskeleton processes, while terms like 
dendrite development and morphogenesis were classified under Neuronal processes.  Using DAVID 
functional analysis, we identified approximately 200 genes that were involved in these broader 
biological process (BP) terms (Figure 2-3 a, b). A literature survey on these genes revealed, 58 genes 
did not have any prior function documented in da neuron dendritic development. These genes where 
then used for validations of their activity in da neurons. The flow of the method is shown in Figure 2-
1. 
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Figure 2-1 Neurogenomic strategy. 
Outline of computational and experimental analyses to identify and characterize 
downstream targets of Cut and/or Knot transcriptional regulation of dendritic 
development. Microarray data are normalized and 3 different differential expression 
methods are performed: t-test, limma and GeneSpring. The resultant genes considered for 
further validations are the ones that appear in more than one analysis. David analysis are 
done on this genes, and genes with cytoskeletal and neuronal functions are considered for 
RNAi screening. 
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Figure 2.2 Identifying differentially expressed genes 
 
High sample correlation within conditions: The heatmap reveals the correlation between and 
within samples: Class I, ClassI X kn and Class I X cut. There is high sample correlation within the 
samples, as well as high correlation betweem ClassI X kn and Class I and ClassI X ct and Class I 
(Figure 2-2 a). Differentially expressed genes kn: Pie chart showing positive differentially 
expressed kn downstream targets. Blue is for Limma analysis (Knot_Limma), yellow is for 
GeneSpring (Knot_Limma), and green for t-test(Knot_TTest) (Figure 2-2 b).  Differentially 
expressed genes cut: Pie chart showing positive differentially expressed cut downstream targets. 
Blue is for Limma analysis (Cut_Limma), yellow is for GeneSpring (Cut_Limma), and green for t-
test(Cut_TTest) (Figure 2-2 c) 
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Figure 2.3 cut and kn Gene ontology classification groups 
Cut and kn targets are present in number of functional categories. The differentially expressed 
downstream targets of cut (Figure 2-3 a) and kn (Figure 2-3 b) are present in number of functional 
groups other than neuronal development (Olive Green) and cytoskeletal functions (red).  Other 
functions include Cell Cycle and Development (Dark Yellow), Transcription (Light Blue), Pattern 
Formation (Lime Green), Metabolism and Biosynthesis (tan), Cellular Transport (Light Yellow), Cell 
Signalling (Cyan), RNA properties (Dark Blue), Tissue/Organ Development (Pink) and Others (Dark 
green). 
 
   2.3.2 RNAi screen of the Putative targets 
As putative downstream targets for cut and knot were identified using ectopic expression of the 
transcription factors in a da neuron subclass (Class I) where these proteins are not normally expressed, 
we wanted to understand the loss of function effect of the targets in a da neuron subclass where both 
the transcription factors are expressed in wild type. Using RNAi transgenic lines, we performed an in 
vivo genetic screen of the 58 genes in a wild type Class IV background, to identify the functionality of 
the targets.  If a significant disruption in the dendritic architecture is observed by a specific RNAi line, 
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we can identify it as potential candidate for further suppression studies to validate its association with 
the transcription factor (cut/knot).  
To weaken the position effect and/or RNAi efficacy, the genetic screen was performed using a 
minimum of two independent gene-specific UAS-RNAi lines (92% of genes screened). For the 
remaining 8% genes screened, only one gene specific UAS-RNAi line was available, and were screened. 
To avoid any screening bias, all transgenic RNAi lines were screened double-blind to the identity of 
the gene being analyzed and phenotypic analyses were performed at the third instar larval stage of 
development. The key morphological features that were analyzed included, total dendritic length, total 
dendritic branches, number of branches as a function of distance from the soma (Sholl), branch order 
distribution (reversed Strahler) and mean coverage area.  Neuromorphometric quantitative analyses 
were used as criteria for positive RNAi hit selection based upon the dendritic phenotypes observed in 
our qualitative screen.      
The genetic screening revealed approximately 72% (~42 out of 58) of the genes showing 
significant phenotypic effects on the Class IV dendritic architecture, while approximately 28% (16 out 
of 58), showed no phenotypic effect on the Class IV dendritic architecture.  Qualitative evaluation of 
the 72% genes that exhibited phenotype, revealed that approximately 24% exhibited (~10 out of 42) 
severe reduction in dendritic arborization, with no to very few higher order branches in Class IV, 
whereas 48% (~20 out of 42) exhibited a moderate-to-mild phenotype, characterized as missing some 
higher order branches and/or abnormal distribution of branches along the proximal-distal axis of 
dendritic arbors. Quantitative neuromorphometric analysis of the images showed approximately 33% 
(~14 out of 42 genes), showing severe defects, while approximately 39% (~ 16 out of 42 genes) showed, 
medium to mild defects (Figures 2-4).    
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Figure 2-4 Quantitative evaluation of the phenotype of the RNAi lines 
 
Heatmap representing the quantitative morphological analyses of the RNAi lines screened. 
Total dendritic length (TDL) and number of branches (NOB) parameters are represented in the 
heatmap where the value represents that percent change from controls. Values for RNAi lines, 
which are statistically significant from control (p<0.05) are represented in the heatmap, non-
significant values are represented by 0.  Pink indicates positive and Blue negative, with white 
indicating 0. Statistical test used t-test. 
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In our work flow, we focused on identifying putative targets for Cut and/or Knot, that were 
represented in functional categories pertaining to neuronal and cytoskeletal based biological processes. 
As a single gene is involved in different biological functions, the genes we screened are involved in a 
broad range of biological functions including cytoskeletal regulation (form3, RhoGAP18B, wdb, Ank2, 
msps, cpa, cpb), ribosomal regulatory function (RpL7, RpL36A), neurogenesis (dmn, SkpA), 
microtubule-based transport (dmn, ctp/Cdlc2, cpa, cpb), autophagy (wdb, ctp), dendritic pruning (SkpA) 
and chaperonin activity (T-cp1, CG7033). Representative images of the most severe phenotypic hits of 
the screen are shown in Figures 2-5 a, 2-6 a, and 2-7 a. These downstream putative targets for 
Cut/Knot, that produced significant phenotypes, were grouped into three major phenotypic categories 
based on quantitative neuromorphometric analyses— complexity suppresser, terminal tufted, and 
complexity enhancer. 
Complexity suppressor: These group of genes are classified based on the severe reduction in 
total dendritic complexity, they produce when they are disrupted in Class IV da neurons. The genes 
that fall in this category are form3, RpL7, RpL36A, dmn, msps, T-cp1 and CG7033 reduces both total 
dendritic branches and total dendritic length, as well coverage area (Figure 2-5 a).  Knockdown of 
form3, RpL7, RpL36A and dmn, produced similar reductions in arbor morphology, characterized by a 
loss of higher order branching, especially at the distal dendritic termini.  These knockdowns likewise 
displayed the presence of short, fine dendrites emanating from primary branches in the region proximal 
to the soma. On the other hand, knockdown of msps, T-cp1 and CG7033 led to similar phenotypic 
defects, which likewise suppressed dendritic terminal branching and instead resulted in a shift of 
branching complexity to an intermediate location along the proximal-distal axis relative to the soma.  
Morphometric analyses of the number of branches  (Figure 2-5 b) and total dendritic length (Figure 
2-5 c) of the knocked down target genes, showed significant decrease in both the parameters, compared 
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to Class IV control. 
Terminal tufted or Complexity shifters: The group of genes, when disrupted in Class IV da 
neurons, produce terminal tufting of short dendrites and reduced interstitial branching proximal to the 
cell body as compared to controls. The genes in this category are wdb, Ank2, RhoGAP18B, and 
ctp/Cdlc2 (Figure 2-6 a). Within this gene group, the one exception is Ank2 disruption which displayed 
an increase in aberrant short dendritic branches emanating first and second order branches relative to 
the cell body. Comparisons of dendritic terminals between these genes and controls reveals alterations 
in terminal branching, which in the knockdowns is characterized by clustered short dendritic branches 
giving a tufted appearance. Morphometric analyses revealed that all genes in this category have 
significant reductions in the number of branches (Figure 2-6 b) and total dendritic length (Figure 2-6 
c).  
Complexity enhancer: The final classification of the screened genes, based on their phenotypic 
effect are the complexity enhancers, which when knocked down in Class IV neurons, causes an increase 
in dendritic complexity. The genes in this group are SkpA, cpa and cpb. (Figure2-7 a). Morphometric 
analysis of the knocked down genes compared to the control revealed, significant increase in Number 
of branches for SkpA and cpa, but an insignificant decrease in number of branches for cpb (Figure2-7 
b). For total dendritic length, there is a significant increase for all the 3 genes (Figure 2-7 c). 
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Figure 2.5 Complexity Reducers 
                      Knockdown of kn targets reduces complexity of the Class IV da neurons: 
Knockdown of form3 (form3-IR), Rpl-7 (Rpl-7-IR), Rpl-36A (Rpl-36A-IR), dmn (dmn-IR), msps 
(msps-IR), T-cp1 (T-cp1-IR) and CG7033 (CG7033-IR), causes reduction in complexity in Class IV 
da-neurons (Control). (Figure 2-5 a). Quantitative analysis of knockdown phenotype revealed 
significant reduction: Statistical comparison of Number of branches (Figure 2-5 b) and Total 
dendritic length (Figure 2-5 c) of each of the knockdown kn targets compared to Class IV (Control), 
revealed significant reduction. Statistical analysis: ANOVA with Dunnet correction. ***= pvalue< 
0.001. (Image 2-5 a adapted from Das et al. 2017, in revision.)  
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Figure 2.6 Terminal tufted or Complexity shifters 
                      Knockdown of kn targets shifts complexity towards the terminals for the Class IV 
da neurons: Knockdown of wdb (wdb-IR), Ank2 (Ank2-IR), RhoGap18B (RhoGap18B-IR), and 
ctp/Cdlc2 (ctp/Cdlc2-IR), causes reduction in complexity near the cell body (highlighted by red box), 
while increases the complexity at the terminals (highlighted by blue box) in Class IV da-neurons 
(Control).(Figure 2-6 a). Quantitative analysis of knockdown phenotype revealed significant 
decrease in quantitative parameters: Statistical comparison of Number of branches (Figure 2-6 b) 
and Total dendritic length (Figure 2-6 c) of each of the knockdown kn targets compared to Class IV 
(Control), revealed significant decrease in both the parameters. Statistical analysis: ANOVA with 
Dunnet correction. ***= pvalue< 0.0001, ***= pvalue< 0.001, *= pvalue< 0.05. (Image 2-6 a adapted 
from Das et al. 2017, in revision.)  
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Figure 2.7 Complexity enhancers 
                      Knockdown of kn increases complexity in the Class IV da neurons: Knockdown of 
SkpA (SkpA-IR), cpa (cpa-IR) and cpb (cpb-IR), causes increase in complexity in Class IV da-
neurons (Control).(Figure 2-7 a). Quantitative analysis of knockdown phenotype revealed 
significant increase in quantitative parameters: Statistical comparison of Number of branches 
(Figure 2-6 b) and Total dendritic length (Figure 2-6 c) of each of the knockdown kn targets 
compared to Class IV (Control), revealed significant increase in both the parameters, except cpb-IR, 
which has a no-significant decrease in Number of branches parameter. Statistical analysis: ANOVA 
with Dunnet correction. ***= pvalue< 0.0001, ***= pvalue< 0.001, *= pvalue< 0.05. (Image 2-8 a 
adapted from Das et al. 2017, in revision.)  
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2.3.3 Validation of the putative Cut/Knot Targets 
To test the hypothesis that the molecules identified from the screen function as downstream 
effectors of Cut and/or Knot-mediated dendritogenesis, class I neurons ectopically expressing cut or 
knot were phenotypically compared to class I neurons in which cut or knot were ectopically 
overexpressed with simultaneous expression of gene-specific RNAi for putative target genes. We 
hypothesized that if Cut or Knot functionally require these putative target genes for dendritogenesis, 
then knockdown of the target gene should exhibit a suppression, or possibly enhancement, of the 
dendritic phenotype that results from ectopic expression depending on the nature of the regulatory 
relationship (positive vs. negative) between the transcription factor and the target gene. Consistent with 
this prediction, phenotypic analyses of putative Cut targets revealed that knockdown of RhoGAP18B, 
RpL36A, ctp/Cdlc2, wdb and msps suppressed Cut-induced dendritic filopodial formation and growth 
as compared to control neurons overexpressing Cut alone (Figure 2-8 b-j) indicating that Cut functions 
via these downstream effectors to promote the formation of dendritic filopodia and regulate dendritic 
growth. In contrast, one putative Cut target, SkpA, exhibited an enhancement of the Cut ectopic 
expression phenotype leading to an overall increase in branching complexity and dendritic growth 
(Figures 2-8 j), suggesting that Cut promotes the expression of SkpA to restrict filopodial formation 
and dendritic branching/growth. In the case of cpb, while we did not observe a statistically significant 
change in the total number of dendritic branches, we observed significant reductions in total dendritic 
length (Figure 2-8 h-i).  Interestingly, at a qualitative level, knockdown of cpa results in an increase in 
the presence of short, filopodial branches, whereas knockdown of cpb appears to suppress short 
filopodia branches.    Similarly, Kn-regulated genes that were the positive hits from the RNAi screen 
were phenotypically examined to assess their requirement for Kn-mediated supernumerary branching 
and abnormal branch elongation in class I neurons. Knockdown of the putative Kn target genes RpL7 
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and RpL36A results in a strong suppression of Kn-mediated dendritic growth and branching returning 
morphology to nearly wild-type controls for class I vpda neurons (Figure 2-8 k). Similarly, we 
observed significant suppression of total dendritic length with knockdown of Ank2, RhoGAP18B, and 
T-cp1 relative to Kn ectopic expression (Figure 2-8 l, m, p), whereas reductions in the total number of 
branches were observed for only RhoGAP18B, RpL7 and RpL36A (Figure 2-8 m, n, o).  Collectively, 
these analyses, in combination with CIV-specific phenotypic studies, support a role for at least a large 
subset of these molecules as important downstream effectors of Cut- and/or Kn-mediated dendritic 
morphogenesis. 
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Figure 2.8  Phenotypic validation of putative Cut and Kn target molecules. 
               Ectopic expression of kn in Class I shows in increase in complexity:  Compared to wild-
type controls (Class I vpda) (Figure 2-8 a), Cut ectopic expression in class I vpda neurons leads to a 
increase in dendritic branching complexity characterized by increased dendritic outgrowth, branching, 
and the formation of de novo dendritic filopodia (Figure 2-8 b). Class I vpda neurons over-
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expressing Cut with simultaneous RNAi knockdown shows significant phenotype change. 
Compared to the control (Figure 2-8 a), there is a significant increase in complexity for the cut 
overexpression with simultaneous knockdown of targets (Figure 2-8 c-j).  Ectopic expression of kn 
in Class I shows in increase in complexity.  Compared to wild-type controls (Class I vpda) (Figure 
2-8 a), kn ectopic expression in class I vpda neurons results in an increase in vpda dendritic branching 
complexity and branch elongation. (Figure 2-8 k). Class I vpda neurons overexpressing Cut with 
simultaneous RNAi knockdown shows significant phenotype change. Compared to the control 
(Figure 2-8 a), there is a slight increase in complexity for the kn overexpression with simultaneous 
knockdown of its targets (Figure 2-8 l-p).  
 
2.3.4 Knot directly regulates genes in the 3rd instar larval stage compared to the other stages 
Although we have identified the targets for knot, by ectopically expressing knot in Class I, 
where it is generally not expressed, to better understand the effect of the transcription factor in the 
subclass where it is expressed, we choose a dataset that has expression of genes in a wild type class 
IV environment (E-GEOD-23320) (Parrish et al., 2014). Additionally, we have a DAMID data set, 
which has kn transcriptional targets in the embryonic stage (Hattori et al., 2013). We first used 
correlational analysis and DAMID data to identify the stage in which knot has the most direct targets. 
This is selected as a measure of the transcription factors effect on that stage of development. 
 Using the correlation analysis between Knot and all the other genes in 1st instar larval stage 
(combining the early and late time points), we identified 588 unique genes having positive 
correlation, with a threshold of p-value of less than 0.05, out of which 79 were direct targets of Knot 
as illustrated by the DAMID data (Hattori et al., 2013), For 2nd instar larval stage, 316 genes are 
positively correlated with Knot expression. Finally, in 3rd instar larval stages, 2458 genes were 
positively correlated with Knot expression, out of which 389 genes were direct targets of Knot. As 
such, we choose the 3rd instar larval stage for TF network analyses.  
2.3.5 Knot targets genes with varied functionality 
To investigate targets for knot in Class IV da neurons, our hypothesis was that genes that were 
correlated to knot and were also differentially regulated in knot ectopically expressed Class I neurons, 
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can be termed as putative targets. As per this hypothesis, we looked at an intersection of kn correlated 
and knot positively differentially expressed downstream targets. We used the union of the Pearson 
and Distance method to identify any gene that was statistically related to knot. Similarly, for the 
differentially expressed genes we looked at the union of GeneSpring and Limma in order to identify 
any gene that was positively differentially expressed.   We identified 807 potential downstream 
targets (Appendix A3, Figure 2-9), which were given as an input to DAVID functional classification 
tool. Out of these, 159 genes where also direct targets of knot as depicted by DAMID data. 
 
Figure 2.9 Visual representation of knot targets. 
 
Pie chart representing the number of knot targetsin Class IV da neurons. Pearson is depicted in 
yellow color, Distance in green, Differential expression in blue and DAMID data in Pink. 807 genes 
where found as targets. 
 
 We obtained more than 1000 functional groups in which our genes were distributed. As it 
was difficult to construct individual regulatory networks for approximately 1000 terms, we reduced 
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the number of terms to 28 broader classification terms (parent terms) based on similarity in biological 
functions. Based on their functionalities these 28 terms can be further divided into 3 groups (Figure 
2-10):  
a) Intracellular: This group contain functions which are responsible for intra-cellular 
functionalities. Terms under this group are: “Cell Cycle and Development”, “DNA 
Related functions”, “Nuclear organneles and its properties”, “Cytoskeleton”, etc. 
Terms like “Cell Cycle and Development” contain further terms like cytoskeleton-
dependent cytokinesis, regulation of cell cycle, etc. Two or more of this parent terms can 
share functional terms between them. For example, terms like “cytoskeleton-dependent 
cytokinesis” and “microtubule cytoskeleton organization involved in mitosis” fall under 
both Cell Cycle and Development and Cytoskeleton terms. (A snap shot of the 
functional clustering for Intra-cellular group can be seen in Figure 2-11) 
b) Extracellular: The functional terms clustered under this group are involved in 
extracellular functionalities like “Non-Neuronal and Non-reproductive tissue 
development”, “Reproduction and Development of organism”, “Perception and 
Response to stimulus”, etc. Terms like “Cell Cycle and Development” contain further 
terms like cytoskeleton-dependent cytokinesis, regulation of cell cycle, etc. two functional 
terms inside the broader group can also contain similar functions. (A snap shot of the 
functional clustering for Extra-cellular group can be seen in Figure 2-12) 
c) Others:  This group contains terms which cannot be put under any of the previous 
groupings. Terms like “Aging” and “biological adhesion”, fall under this category. 
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Using this method, we identified the transcription factor’s (kn) involvement in functions, 
which were not earlier reported. Terms like “chitin based cuticle development” and 
“autophagic cell death”, have not been previously associated with kn.  
 
 
 
 
Figure 2.10 Grouping of the gene ontology classifications 
 
              Flowchart of the gene ontology classification. Intra-cellular comprises of all related 
intracellular biological processes. Extra-cellular comprises of all related extracellular biological 
processes. Others comprises of all processes that cannot be clusterd under groups.  
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Figure 2.11 Intra-cellular functional group 
 
        A Snapshot of the Intracellular functional group terms. . Here we show four parent terms under 
the Intra-cellular group, with three children term for each parent term. Terms like Cell Cycle 
Development are parent terms with mitotic spindle organization centrosome cyle and cell cycle as 
children term. 
 
 
 
 
 
   
64 
 
Figure 2.12 Extra-cellular functional group 
 
        A Snapshot of the Extracellular functional group terms. Here we show four parent terms under 
the Extra-cellular group, with three children term for each parent term. For example, the parent term 
Perception and response to stimulus have chemotaxis, reponse to cold and response to stress under 
it. 
 
 
2.3.6 Knot targets genes form regulatory network in each functional class 
To further investigate knot’s role in each of the functional categories, we built functional 
regulatory networks combining our datasets and available genetic and protein interaction datasets. We 
used 3 biological databases Genemania, String and Biogrid to construct the network along with the 
DAMID dataset. DAMID data provides us with target genes, whose promoter region knot binds to.    
To show the effectiveness of the interaction of knot and the target genes, as well as between the target 
genes a scoring sytem for the edges was developed. Scoring system for the biological databases, 
followed the pattern of having a greater score for physical targets compared to genetic targets. This 
was done as most often interaction types like “database_annotated” and “automated_textmining”, 
provide false results, i.e. predict that 2 genes have interaction between them, when they are not 
interacting at all. Scoring System for GeneSpring and String is depicted as a pseudocode in Figure 2-
13.  For Biogrid, as the interaction type reported just the experiments that demonstrate the interaction, 
we grouped the experiments into two categories: experiments demonstrating genetic interactions and 
experiments demonstrating physical interactions.  Genes which were deemed as targets by DAMID 
where given a score of +1, as they were actual targets of knot. As before we gave the physical 
interaction more score than genetic interactions. The final edge score is a cumulative summation of 
all the different genetic and physical interaction scores as well as average correlation scores between 
knot and its targets in Class IV, as well as correlation scores between targets in Class IV. Flow of the 
whole method used is in Figure 2-14. 
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Figure 2.13 Pseudocode for GeneMania and String Interaction 
                  The pseudocode for GeneSpring and String interaction. Scores are given to each different 
terms. Physical interactions get more score than genetic interactions, whereas interactions discovered 
by textmining methods get lowest scores 
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Figure 2.14 Work flow for Knot Regulatory Network 
            
Analyzed microarray data. Class IV microarray data is used to perform co-expression, using 
Pearson and Distance correlation. Differentially expressed genes from microarray data were found 
using three different methods: limma, GeneSpring and t-test. Genes which were differentially 
expressed in 2 or more tools were used for further analysis. (Figure 2-14 a) 
 
Building the network.  Functional classification of co-expressed genes, using DAVID. Functional 
clusters are then converted into networks utilizing the correlation, the differential expression, gene 
interactions (from Biogrid and GeneMania), protein-protein interaction (String) and DAMID data, 
acting as edge weights. (Figure 2-14b) 
 
Visualization. The network is visualized using Cytoscape. (Figure 2-14 c) 
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2.3.7 Knot targets effect dendritic arborization in Class IV da neurons 
As we identified targets for knot in the 3rd instar larval stage which showed both co-expression 
with knot in Class IV da neurons as well as differentially expressed in a knot ectopically effected 
Class I, we hypothesized that genes in the cytoskeletal functional group would have an effect on the 
dendritic arborization in Class IV da neurons.  Using the regulatory network of neuronal (Figure 2-15 
a) and cytoskeletal functional (Figure 2-15 b) groups, we identified 2 putative target genes: RpL17 
and RpL22 from the cytoskeletal group and further investigated their effect on the Class IV dendritic 
architecture using loss of function effects of the genes. 
 
 
 
Figure 2.15 Knot Regulatory Network for Neuronal and Cytoskeletal function 
 
         Neuron Network. The weighted network for the neuron gene ontology subtype. Inset view of 
the network represents knot connection with RpL17. (Figure 2-15 a) Cytoskeleton Network. The 
weighted network for the cytoskeleton gene ontology subtype. Inset view of the network represents 
genes knot’s connection with RpL17. (Figure 2-15 b) 
 
 
          The ribosomal proteins, RpL17 and RpL22 are both part of the large ribosomal subunit, but 
have not been previously demonstrated to affect dendritic arborization.   We hypothesized that the 
knockdown phenotype of these targets would be similar to that of the knot knockdown phenotype, as 
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they are positively correlated. We used CRISPR-mediated knockdown of knot to perform this 
comparative study. We observed that there was a significant reduction in dendritic complexity 
proximal to the cell body and formation of filopodial architectures at the terminals for both for the 
RpL17 (Figure 2-16 c) and RpL22 (Figure 2-16 d), compared to the complex Class IV wild type 
phenotype (Figure 2-16 a). The phenotype of the knockdown of the targets were very similar to the 
knot knockdown phenotype (Figure 2-16 b).  
 
 
 
Figure 2.16 Disruption of putative knot target genes results in phenocopy defects to knot 
disruption. 
                     
              Knockdown of knot in a Class IV background using CRISPR method (Figure 2-7 b) shows a 
reduction in complexity compared to a control Class IV, with small filopodial branches on the 
terminals (Figure 2-7 a). Similarly RNAi knockdown phenotype of RpL17 (Figure 2-7c) and RpL22 
(Figure 2-7d) in a class IV background shows reduction in complexity as well as presence of 
filopodial branches near the terminal ends. 
  
2.3 Discussion 
2.4.1 Neurogenomic dissection of Cut and Kn transcriptional effectors 
The role of transcription factors (TF) in maintaining the the class specific dendritic 
architecture have been established from previous studies, but the downstream biological targets have 
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not been studied in details earlier. We perform a combinatorial study to identify downstream targets 
of the transcription factors responsible for providing complexity to the da neurons, using both 
bioinformatic techniques and experimenta validations. Previous studies have looked  at 
transcriptomic analysis of ectopic expression of transcription factors (ab  and kn) in pan-neuronal 
cells (all da neurons) and investigated differentially expressed genes that are expressed in ectopically 
expressed pan neuronals cells compared to a wild type (Y. Hattori et al., 2013). Our study on the 
other hand investigates ectopic expression of the TFs in a class where it is not generally expressed in 
a wild type condition (Class I). Our method is more efficient compared to the previous method, as in 
the previous method the transcription factors are ectopically expressed across all da neuron classes, 
even in ones where they express even in wildtype condition, compared to our method where the 
transcription factors are ectopically expressed only in classes where they are not expressed in wild 
type. Also the previous method looked at the transcription factor kn (Y. Hattori et al., 2013), whereas 
our method looks at cut in addition to kn, the two transcription factors that are responsible for the 
complex dendritic architecture in the da neurons.   
 
2.4.2 Different downstream targets of the TFs have different effects on the phenotype. 
Our bioinformatics analysis revealed downstream targets, which have diverse biological 
functions. As our objective was to look at genes which were in biological process categories related to 
cytoskeletal and neuronal function as per DAVID, most of the genes we identified were involved in 
processes related to cytosketal and neuronal functionalities. Additionaly the identified genes were also 
involved in functionalities like autophagy (ctp, Pax and wdb), chaperonin activity (CG7033 and Tcp-
1) and ribosomal regulatory functions (RpL36A and RpL7). The loss of function screening of these 
genes on a Class IV background, revealed that their phenotypic effect can be broadly divided into 3 
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classes: (i) complexity suppressor; (ii) terminal tufted; and (iii) complexity enhancer.  Interestingly 
genes that fell within these categories, and were transcriptional targets of Cut and/or Kn, shared 
common molecular functions and exerted similar effects on regulating the dendritic cytoskeleton. 
 Complexity Suppressors:  Loss of function of these genes in Class IV da-neurons produce, 
reduction in complexity. The genes which fall under this category are: form3, dmn and msps (all 
cytoskeleton regulators), RpL36A, RpL7 (both large ribosomal subunit components), CG7033 and Tcp-
1 (both chaperonins). Form3 (Formin 3) belongs to the formin family and has been involved in 
regulating the formation of the fly tracheal system (Tanaka et al., 2004). It has not been previously 
implicated in dendritic developement or directly tied to cytoskeletal regulation. Human hologue of 
form3, Inverted Formin 2 (INF2), have been causally linked to Charcot-Marie-Tooth (CMT) disease 
(Boyer et al., 2011), however the role of INF2 in mediating sensory neuropathies observed in CMT 
patients is incompletely understood.  Dmn (also known as DCTN2-p50) is a component of the Dynactin 
complex, a large 1.2 MDa multi-subunit complex that associates with the cytoplasmic dynein complex 
to drive microtubule-based transport. Mutations in human homologue of dmn, DCTN2 have been 
shown to exacerbate tauopathies (e.g. Alzheimer disease)  (Aboud et al., 2015). Msps (also known as 
XMAP215) is likewise linked to regulation of the microtubule cytoskeleton where it has been shown 
to function as a processive microtubule polymerase adding  tubulin heterodimers to the plus end to 
promote MT polymerization (Brouhard et al., 2008).   
             The TRiC/CCT molecules, T-cp1 and CG7033, function as molecular chaperonins catalyzing 
the ATP-dependent folding of ~10% of all newly synthesized proteins and while the spectrum of 
physiological substrates of the TRiC/CCT complex remain poorly defined, biochemical and genetic 
studies have demonstrated that this complex functions in folding of actin and tubulin cytoskeletal 
proteins (reviewed in Dunn, Melville, & Frydman, 2001).  Recent studies have indicated the importance 
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of proper folding of monomeric tubulins into MT polymerization in regulating neural circuitry 
including neuronal morphogenesis, cellular polarization, neurite growth and branching (D. Hattori, 
Millard, Wojtowicz, & Zipursky, 2008; Okumura, Miura, & Chihara, 2015). Defect in these complex 
have been associated to neurological diseases like Huntington and Gaucher disease.  
             The ribosomal proteins, RpL7 and RpL36A have not been directly linked to neurological 
disease, our findings suggest that there is specific transcriptional regulation of these subunits and that 
defects in these genes lead to severe dendritic atrophy.  This raises an interesting question of how 
disruption of select ribosomal subunits leads to such drastic defects in dendritic development, given 
that it does not appear to solely be due to impaired translation as these mutants retain major primary 
and secondary dendrites, but have a loss of higher order branching, coupled with a destabilization of 
the MT cytoskeleton, but not the F-actin cytoskeleton.  Recent evidence has revealed that the ribosome 
is not simply a general translation machine, but rather that the genome is selectively translated in a 
spatial and temporal manner by specialized ribosomes in which there is functional specificity in terms 
of the action of individual ribosomal components (Shi & Barna, 2015; Xue & Barna, 2012).  Such 
specialized ribosomes are positioned to exert control over which complement of mRNAs are 
transcribed within a given cell, thereby contributing to cell-type specific protein profiles that determine 
cellular form and function connecting the genome to the phenome. 
Consistent with the known molecular functions of these genes, apart from the large ribosomal 
subunits, we discovered via loss-of-function studies that these genes play pivotal roles in promoting 
dendritic arbor complexity and that the predominant defect appears to be a destabilization and/or 
reduction in MT assembly, which results in a highly rudimentary arbor.  Moreover, genes in this group 
also appeared to regulate the organization of F-actin rich dendritic branching.  These findings indicate 
that in addition to cytoskeletal regulatory molecules, like Form3, Msps, and Dmn, that additional 
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biological processes including ribosomal regulation and chaperonin function are required for regulating 
the dendritic MT cytoskeleton to promote complex arborization.  This regulation may occur directly 
via binding to MTs to promote their stabilization or assembly, or could occur as an indirect consequence 
via defects in ribosomal based translation or chaperonin activity.  For example, in the case of T-cp1 and 
CG7033 (CCT2), the observed defects are likely due to improper folding of tubulin monomers, which 
could lead to their degradation. 
 From a transcriptional regulation perspective, analyses of complexity suppressor genes revealed 
interesting regulatory patterns, both at the gene specific level and with respect to molecules that are 
linked to the same cellular machinery.  For example, we find that Form3 (also discussed below) is 
combinatorially regulated by both Cut and Kn, albeit in opposite directions, with Cut repressing and 
Kn promoting form3 expression.  In the case of large ribosomal subunits, RpL7 and RpL36A, as well 
as the TRiC/CCT subunits, T-cp1 and CG7033, we observed distinct patterns of regulation whereby 
RpL7 and T-cp1 are positively regulated by Kn only, whereas RpL36A and CG7033 are positively co-
regulated by both Cut and Kn.  Finally, within this group, both dmn and msps are positively regulated 
by Cut alone.  While previous studies have exclusively linked Cut to regulation of the actin cytoskeleton 
and Kn to the microtubule cytoskeleton in da neuron dendrites (reviewed in Nanda et al. 2017), this is 
an oversimplification of their effects on cytoskeletal regulation, as here we demonstrate that Cut 
regulates the MT-associated regulatory molecules Msps and Dmn, revealing novel functional roles 
linking Cut to MT regulation.   
        Terminal Tufted: Loss of function phenotype, produced by the knockdown of these genes in 
Class IV da neurons, is terminal tufting of short dendrites and reduced interstitial branching proximal 
to the cell body as compared to control. The genes in this group are wdb (PP2A phosphatase complex 
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regulatory subunit), Ank2, RhoGAP18B (both cytoskeletal regulatory molecule), ctp and Cdlc2 
(cytoplasmic dynein light chain encoding genes).  
At the cytoskeletal level, these genes did not appear to have any gross defects in the MT 
cytoskeleton, however terminal branching was characterized by clustered and elongated branches that 
were exclusively populated by F-actin, indicative of a preferential role for these molecules in 
modulating F-actin mediated terminal branch structure and organization.  These findings are intriguing 
as wdb and Ank2 have only been previously linked to functions related to the MT cytoskeleton e.g. 
spindle assembly (Chen et al., 2007) and MT organization (Koch et al., 2008a; Pielage et al., 2008), 
whereas ctp has been linked to actin filament bundle assembly (Ghosh-Roy, 2004). In contrast, 
RhoGAP18B, which encodes a Rho GTPase activating protein, has been linked to F-actin filament 
organization via negative regulation of the small GTPase Rho (Kiger et al., 2003; Ojelade, Acevedo, 
Kalahasti, Rodan, & Rothenfluh, 2015; Rothenfluh et al., 2006).  When activated, Rho promotes the 
formation of unbranched F-actin stress fibers, promoting elongation, whereas RhoGAPs function to 
repress Rho-mediated F-actin organization, which could explain, at least in part, why disruption of 
RhoGAP18B leads to elongated, clustered F-actin rich dendritic terminals by maintaining Rho in an 
activated GTP bound state. 
              Defects in the human ortholog of wdb, known as PPP2R5D, are linked to autosomal dominant 
mental retardation (Fitzgerald et al., 2014) and mutations in these genes exacerbates tauopathies 
(Hannan, Dräger, Rasse, Voigt, & Jahn, 2016; Shulman & Feany, 2003). Mutations in human ortholog 
of Ank2, Ank3 are linked to autosomal recessive mental retardation (Zafar Iqbal et al., 2013) and Autism 
(Bi et al., 2012). Mutations in the human ortholog of RhoGAP18B, known as oligophrenin 1, are tied 
to X-linked mental retardation (Khelfaoui et al., 2007), where defects in this gene impair spatial 
memory and result in dendritic spine immaturity. 
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Consistent with the known molecular functions of these genes, apart from the large ribosomal 
subunits, we discovered via loss-of-function studies that these genes play pivotal roles in promoting 
dendritic arbor complexity and that the predominant defect appears to be a destabilization and/or 
reduction in MT assembly, which results in a highly rudimentary arbor.  Moreover, genes in this group 
also appeared to regulate the organization of F-actin rich dendritic branching.  These findings indicate 
that in addition to cytoskeletal regulatory molecules, like Form3, Msps, and Dmn, that additional 
biological processes including ribosomal regulation and chaperonin function are required for regulating 
the dendritic MT cytoskeleton to promote complex arborization.  This regulation may occur directly 
via binding to MTs to promote their stabilization or assembly, or could occur as an indirect consequence 
via defects in ribosomal based translation or chaperonin activity.  For example, in the case of T-cp1 
and CG7033 (CCT2), the observed defects are likely due to improper folding of tubulin monomers, 
which could lead to their degradation. 
 From a transcriptional regulation perspective, analyses of complexity suppressor genes revealed 
interesting regulatory patterns, both at the gene specific level and with respect to molecules that are 
linked to the same cellular machinery.  For example, we find that Form3 (also discussed below) is 
combinatorially regulated by both Cut and Kn, albeit in opposite directions, with Cut repressing and 
Kn promoting form3 expression.  In the case of large ribosomal subunits, RpL7 and RpL36A, as well 
as the TRiC/CCT subunits, T-cp1 and CG7033, we observed distinct patterns of regulation whereby 
RpL7 and T-cp1 are positively regulated by Kn only, whereas RpL36A and CG7033 are positively co-
regulated by both Cut and Kn.  Finally, within this group, both dmn and msps are positively regulated 
by Cut alone.  While previous studies have exclusively linked Cut to regulation of the actin cytoskeleton 
and Kn to the microtubule cytoskeleton in da neuron dendrites (reviewed in Nanda et al. 2017), this is 
an oversimplification of their effects on cytoskeletal regulation, as here we demonstrate that Cut 
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regulates the MT-associated regulatory molecules Msps and Dmn, revealing novel functional roles 
linking Cut to MT regulation.   
In contrast to the complexity suppressor group, genes in the terminal tufted group function as 
downstream targets of Cut and/or Kn to regulate the distribution of dendritic branching throughout the 
proximal-distal axis relative to the cell body.  Loss-of-function analyses of the PP2A phosphatase 
complex regulatory subunit widerborst (wdb), the cytoskeletal regulatory molecules Ankyrin2 (Ank2) 
and RhoGAP18B, and the cytoplasmic dynein light chain encoding genes, cut up (ctp) and Cytoplasmic 
dynein light chain 2 (Cdlc2) revealed largely consistent defects characterized by reduced interstitial 
branching proximal to the cell body in favor of a distal shift resulting in aberrant clustered terminal 
branches that have a tufted appearance.  In the case of ctp/Cdlc2, the mutant defects are quite interesting 
as they produce a phenotype that is inverted from what is observed with mutations of Dynein light 
intermediate chain (Dlic).  In previous studies, Dlic mutations in CIV da neurons lead to hyper-
proliferation of dendritic branches proximal to the cell body and leave the dendritic terminals 
completely stripped  (Satoh et al., 2008b; Zheng et al., 2008b).  This suggests that different classes of 
Dynein MT motor light chains exert distinct regulatory effects on the distribution of dendritic branches, 
perhaps via differential regulation of Dynein-linked cargo on MTs.   
As with the complexity suppressor group, genes in the terminal tufted category as exhibit 
complex transcriptional regulation by both Cut and Kn.  Cut positively regulates both wdb and 
ctp/Cdlc2, whereas Kn positively regulates Ank2 and RhoGAP18B is co-regulated by both Cut and Kn.  
Thus, in addition to previous findings linking Kn to regulation of the MT cytoskeleton (Jinushi-Nakao 
et al. 2007), Kn also appears to regulate the expression of genes that exert effects on actin cytoskeletal 
organization. 
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Complexity Enhancer:  The final group consists genes, loss of function of which causes, 
increase in complexity of the Class IV neurons. The genes in this group are: SkpA, capping protein 
alpha (cpa) and capping protein beta (cpb).  SkpA encodes a subunit of the Skp, Cullin, F-box (SCF)-
containing ubiquitin ligase complexes and has been previously demonstrated to be functionally required 
for dendritic pruning in CIV neurons at the larval-to-pupal transition (Wong et al., 2013).  Consistent 
with these previous findings, we found that SkpA function is required to restrict CIV dendritic 
complexity, which given its functional role, is likely based on ubiquitin-linked proteasomal 
degradation.  Moreover, SkpA is positively regulated by Cut and studies in CI neurons identify that Cut 
acts via SkpA to restrict overall dendritic growth as well as the formation of F-actin rich dendritic 
filopodia. The other two genes identified in this group, cpa and cpb, have related functions in capping 
F-actin filaments at the barbed/plus end.  Plus-end capping of F-actin by these factors restricts further 
F-actin polymerization and thereby limits filament growth.  Consistent with these molecular functions, 
disruption of cpa or cpb leads to excessive F-actin growth which is the characteristic cytoskeletal 
feature in these mutants, whereas the MT cytoskeleton appears unaffected.  Thus, regulated growth and 
branching of CIV neurons is dependent upon the proper levels of Cpa and Cpb in order to cap F-actin 
filaments and thereby limit their growth.  Furthermore, the action of Cpa and Cpb are subject to 
complex transcriptional control by Cut and/or Kn, with Cut and Kn positively regulating the expression 
of Cpa, whereas Cpb is positively regulated by Kn alone.  While loss-of-function for either gene results 
in complexity enhancement, the CIV mutant phenotypes are not identical, nor are the phenotypes when 
either Cut or Kn are ectopically expressed in CI neurons in combination with cpa-IR or cpb-IR 
knockdowns.  These findings suggest that Cut and/or Kn regulated expression of these capping factors 
is important for controlling the precise pattern of locally regulated F-actin dendritic growth and 
branching that ultimately contributes to cell-type specific dendritic architectures.   
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2.4.3 kn targets in 3rd instar larval Class IV da neurons have varied functionalities 
The transcription factor kn has been established as a regulator of the complex phenotype in the 
Class IV da neurons. Previous studies have revealed to us targets for kn responsible for providing the 
complex dendritic architecture(Ferreira et al., 2014; Y. Hattori et al., 2013; Jinushi-Nakao et al., 
2007), but none of them have looked at the regulatory effect of kn in Class IV at a larger 
transcriptomic level. In our study, we have used a combination of available microarray data from wild 
type class IV, a kn ectopically expressed in Class I microarray, DAMID data as well as data from 
known genetic and protein interaction database, to build our regulatory network. 
To identify the positive kn targets, we first did an comparative analysis between kn correlated 
genes in the wild type Class IV condition and kn ectopically expressed Class I data. We identified 
807 targets from this method. Not all targets from the differentially expressed data set and the co-
expressed dataset matched. This can be due to various factors like the wild type microarray data was 
from the nimblegen platform, whereas the ectopic expressed Class I kn data was from the Agilent 
platform.  
We used DAVID functional classification to classify the genes into functional clusters. Our 
major goal in this process was to identify different functional categories in which the different kn 
targets fell in. For this reason, we did not set any threshold of p-value while selecting the terms from 
DAVID.  As we had over a thousand functional terms we reduced the number, by clustering 
biologically similar functionalities in the similar groups. We identified 28 parent terms using this 
method which had functionally similar terms grouped under them. We identified targets of kn under 
functional parent terms like “neuronal development”, with child terms like dendrite morphogenesis, 
to which kn has already been associated (Jinushi-Nakao et al., 2007). Similarly, we also identified kn 
targets to be associated to terms like JAK-STAT signaling cascade, to which kn has been previously 
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associated (Muller, Kuttenkeuler, Gesellchen, Zeidler, & Boutros, 2005). The JAK-STAT signaling 
cascade, has been associated with synaptic plasticity (M?ller et al., 2005), and thus makes an 
interesting term to study further in details. Also identified were terms, which were not associated with 
kn previously. Parent terms like “Cell death”, comprising of terms like autophagic cell death and 
programmed cell death have not been associate to kn previously. This gives us a more in-depth 
perspective into knot’s putative function in Class IV da neurons, and opens the scope for further 
investigation into these functionalities in detail. 
2.4.3 kn targets in 3rd instar larval Class IV da neurons form biological interaction network 
To identify whether the interaction between kn and its targets occurs in individual functional 
classes, we used a combination of different parameters to reach our goal. We used interaction data 
from interaction databases like GeneMania, String and Biogrid. These three interaction databases 
provide us with previously known interaction between targets of kn and also between kn and its 
targets. We modified the already available scoring system as our goal was to give more importance to 
physical and genetic interactions, relative to interactions which were documented through text 
mining, as there is a lot of false interactions reported by these methods. Also, the physical interactions 
were given greater score than genetic interactions, as physical interactions give more confidence as 
for identification of direct targets. Similarly, DAMID data is given a higher score, as it provides us 
with kn binding at the promoter regions of the targets and as we are looking at a combination of 
differential expression and correlation to identify our targets, we can predict that these are direct 
targets of kn. Finally, to understand the interaction between the targets as well as between kn and the 
targets, in a Class IV wild type condition we used correlation data extracted from the wild type data. 
Interaction scores was a sum of all the scores obtained from these parameters, and depicted as the 
edge score for the interaction datasets. 
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2.4.4 Kn interaction targets show phenotypic disruptions in Class IV da neurons 
To investigate the effect of kn in the Class IV da neurons, we used a RNAi screening method, 
to identify the knockdown effect of select targets on Class IV da neurons. Using our bioinformatics 
analysis as described above, we identified two genes which were involved in neuronal and 
cytoskeletal functional groups, for further verification. These genes were both ribosomal large 
subunit protein genes (RpL17 and RpL22), and they have not been previously associated to da neuron 
dendritic development. The phenotype of the knockdown of these genes showed severe reduction in 
Class IV da neuron dendritic complexity, and both showed similar reduction phenotypes with 
reduction in dendritic arbors, proximal to the cell body with complex branches at the terminal ends.  
To understand whether there was a relation between these targets and kn, we hypothesized as 
these targets are correlated to kn, a knockdown of kn, would have a similar phenotype as the 
knockdown of these targets. We observed that the kn knockdown phenotype was similar to the target 
knockdowns, but were not exact phenocopies as these targets genes can be under the regulation of 
various factors other than kn. Followup studies will be performed using qPCR experiments to further 
validate whether these genes are true targets of knot. 
2.4.5 Conclusion and Future Directions 
Integrative analysis using bioinformatics analysis followed by experimental validations helps 
us to investigate the intricacies of complex biological problems. Using available transcriptomic 
microarray datasets, we have identified targets for cut and kn associated with phenotypic complexity 
in the higher classes of da neurons. Further, using available transcriptomics microarray Class IV wild 
type data, transcription factor binding data and various interaction databases, we build functional 
regulatory networks of kn targets. We identified functional groups, wherein kn has not been 
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previously associated. Further analysis and investigation of these genes in different functional groups 
will help us understand knot’s effect on dendritic complexity in the da neurons.  
 
3 INVESTIGATING THE ROLES OF INTRAGENIC MIRNA-MEDIATED 
REGULATION OF CELL-TYPE SPECIFIC DENDRITE DEVELOPMENT IN D. 
MELANOGASTER USING TRANSCRIPTOMIC DATASETS TO IDENTIFY HIGH-
CONFIDENCE, BIOLOGICALLY RELEVANT TARGET GENES. 
(This chapter contains selected work from the following manuscript: miRnome analyses reveal 
regulatory roles for microRNA-based tuning of cell-type specific dendritogenesis.  Iyer, SC., Patel 
A.A., Sivakumar, S., Bhattacharya, S., Rubaharan, M, Aguisanda, F., Iyer, E.P.R.,   Gondi, S. and 
Cox, D.N. (2017)). 
3.1 Scientific Premise  
miRNAs are a class of small non-coding RNAs (21-25 nucleotides long) which have been 
associated with post-transcriptional gene silencing since their discovery in C. elegans as temporal 
developmental regulators(R. C. Lee, Feinbaum, & Ambros, 1993; Wightman, Ha, & Ruvkun, 1993). 
Although generally associated with repressive gene regulation, miRNAs have also been reported as 
positive regulators of gene expression (Vasudevan, 2012). Mature miRNAs are processed from the 
miRNA transcript (pri-miRNA) that are first transformed into ~70 nucleotide long pre-miRNA by the 
nuclear action of Dicer, and then transported into the cytoplasm by Exportin, where the miRNA is 
cleaved into ~21 nucleotide long mature miRNA by the RNAase III enzyme Drosha (Hutvágner & 
Zamore, 2002; Y. Lee et al., 2003; Lund, Güttinger, Calado, Dahlberg, & Kutay, 2004).  The miRNA 
guide strand, located on the 5’ end of the mature miRNA, binds to Argonaute as part of a multiprotein 
assembly known as the RNA induced silencing complex (RISC) (Siomi & Siomi, 2010; Sontheimer, 
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2005). The guide miRNA strand in the RISC acts as a major player in the gene silencing mechanism 
as the position 2-8 nucleotides of the guide strand (known as the seed sequence) binds to the 3’ 
untranslated region (UTR) of the target mRNA via Watson Crick base pairing. Precise 
complementarity between the miRNA seed sequence and 3’UTR leads to target mRNA degradation, 
whereas partial complementarity leads to translational inhibition(Filipowicz, Bhattacharyya, & 
Sonenberg, 2008; R. C. Lee et al., 1993; Siomi & Siomi, 2010). 
miRNAs can be broadly classified into two categories based on their location in the genome: 
intergenic and intragenic miRNAs. While intergenic miRNAs are in the genomic region between two 
protein coding genes, intragenic miRNAs are located in the intronic or exonic regions of a protein 
coding gene and comprise approximately 50% of all miRNAs in humans (L. C. Hinske et al., 2014; 
L. C. G. Hinske, Galante, Kuo, & Ohno-Machado, 2010; Rodriguez, Griffiths-Jones, Ashurst, & 
Bradley, 2004). An individual protein coding gene can be host to a single or multiple miRNAs in 
their intronic or exonic regions. In D. melanogaster, a model organism with approximately 50% 
protein sequence similarity with human(Reiter, Potocki, Chien, Gribskov, & Bier, 2001b) and 75% 
sequence homology with known human disease inducing genes (U. B. Pandey & Nichols, 2011), 60% 
of all identified miRNAs are intragenic, as per the latest FlyBase genome release (Gramates et al., 
2017a).  
Functionally, miRNAs play major roles in various developmental and disease conditions, 
however a major challenge in understanding the mechanistic role of post-transcriptional miRNA-
based regulatory control is the elucidation of biologically relevant target mRNAs.  This challenge is 
compounded by the fact that miRNAs have the potential of regulating numerous target mRNAs and 
thereby generating a one-to-many problem. Various types of bioinformatic target prediction tools, 
which cover different features of miRNA:mRNA interaction, have been developed (Peterson et al., 
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2014). The most important feature of any miRNA target prediction tool is the degree of 
complementary Watson and Crick base pairing between the miRNA seed sequence and its target 
mRNA (Brennecke, Stark, Russell, & Cohen, 2005; Krek et al., 2005; Lewis, Burge, & Bartel, 2005; 
Lewis, Shih, Jones-Rhoades, Bartel, & Burge, 2003). Other important parameters that are considered 
while developing these target prediction tools include, conservation of the sequence in both the 
miRNA and its target mRNAs across species (Friedman et al., 2009; Fujiwara & Yada, 2013; Lewis 
et al., 2003; Ohler, Yekta, Lim, Bartel, & Burge, 2004), Gibbs free energy, a measure of the stability 
of miRNA:mRNA bond (Yue, Liu, & Huang, 2009), and accessibility of the target mRNA 3’ UTR 
due to changes in mRNA secondary structure (Mahen, Watson, Cottrell, & Fedor, 2010). Early target 
prediction tools such as TargetScan (Friedman et al., 2009; Grimson et al., 2007; Lewis et al., 2005; 
Ruby et al., 2007), miRanda (Enright et al., 2003) and RNA22 (Loher & Rigoutsos, 2012; Miranda et 
al., 2006)  take into consideration properties including seed match, Gibbs free energy and sequence 
conservation, while newer algorithms like PITA (Kertesz, Iovino, Unnerstall, Gaul, & Segal, 2007), 
miRanda-miRSvr (Betel, Koppal, Agius, Sander, & Leslie, 2010) and MirTarget2 (X. Wang, 2008; 
X. Wang & El Naqa, 2008) incorporate the property of site accessibility along with the 
aforementioned parameters used by TargetScan, miRanda, and RNA22. A parameter that some of the 
newer algorithms like PITA and miRanda-miRSvr employ is target abundance, which takes into 
consideration the number of target sites for a miRNA in the 3’ UTR of the target mRNA (Garcia et 
al., 2011).  Though not used in most algorithms, another property that plays a major role in 
miRNA:mRNA interactions are the expression pattern of the miRNA and the mRNAs in the 
tissue or cell-type of interest. This is an important parameter as it serves two purposes.  First, the 
miRNA expression pattern provides insight into whether the miRNA is even expressed in the tissue 
or cell type of interest. Second, from the perspective of the biological regulatory relationship between 
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a miRNA and its targets, one can evaluate if the expression of the miRNA and target mRNA are 
statistically anti-correlated. These features, in combination with the biophysical properties 
described above, provide a robust platform for predicting putative targets for a given tissue or cell 
type of interest.  Bioinformatic tools such as MAGIA (Sales et al., 2010), focused on data from H. 
sapiens, take in account microarray expression data of miRNAs and mRNAs for a given tissue and by 
using statistical analyses, followed by comparison with target databases, provide the user with the 
putative targets whereby there is an inverse correlation between miRNA expression and target mRNA 
expression. Other databases like starBase (J.-H. Li, Liu, Zhou, Qu, & Yang, 2013; Yang et al., 2011), 
use Argonaute CLIP-seq and Degradome-seq data as a validation of the binding properties of a 
miRNA to its target mRNAs, as well as the presence of the miRNA and its target gene in the tissue of 
interest in organisms including mouse, human and C. elegans. 
Most of the tool based algorithms that utilize expression values for target predictions use 
human and mouse data sets as compared to other model organisms (e.g. D.melanogaster).  This is due 
in large part to the relative abundance of microarray and RNA-seq data sets for miRNA and mRNA 
expression profiles for these species in gene expression repositories such as Gene Expression 
Omnibus (GEO)(Barrett et al., 2013). Although the miRTarBase(Barrett et al., 2013) database reports 
miRNA:mRNA interactions in D. melanogaster, it only documents 147 interactions between 45 
miRNAs and 86 target genes. Moreover, while MAGIA2 (Bisognin, Sales, Coppe, Bortoluzzi, & 
Romualdi, 2012), a tool similar to MAGIA, allows users to identify targets for a given tissue or a cell 
type of interest if provided both the miRNA and mRNA expression profiles as input, none of these 
tools provide targets for the whole organism due to relative dearth of significant numbers of miRNA 
and mRNA expression datasets, as mentioned above. 
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One method to bypass this impediment and use expression profiles to identify miRNA targets, 
in a model organism like D. melanogaster, is to focus on intragenic miRNAs, which are located 
within host protein coding genes. As mentioned earlier, intragenic miRNAs constitute approximately 
60% of all miRNAs in D. melanogaster, making these miRNAs an important component in post-
transcriptional regulation of gene expression. Reports have confirmed that the expression of 
intragenic miRNAs is highly correlated with the expression of the host gene mRNA (Baskerville & 
Bartel, 2005a; Karali, Peluso, Marigo, & Banfi, 2007; Y.-K. Kim & Kim, 2007). Based upon this 
correlation, it is therefore possible to use the host gene expression values as a proxy for the 
expression of the intragenic miRNA. Target prediction of intragenic miRNAs using the host gene 
expression has been successfully implemented in humans, with the HOCTAR algorithm (V. A. 
Gennarino et al., 2008; Vincenzo Alessandro Gennarino et al., 2011). Given that there are much 
larger available datasets for mRNA expression profiles, than miRNA expression profiles, by using the 
host gene as a proxy for the intragenic miRNA, one can significantly extend bioinformatic analyses 
and statistical power of predicting miRNA:mRNA target interactions that are rooted not only in target 
prediction algorithms, but also in biologically relevant, and inversely correlated, patterns of 
expression between a miRNA and potential target mRNAs. 
Here, we have used host gene expression as a proxy for intragenic miRNA expression to 
identify putative targets for intragenic miRNAs in D. melanogaster, utilizing publicly available 
microarray datasets from Affymetrix platforms 1 and 2.  Correlation methods used in these analyses 
include parametric Pearson correlations and non-parametric Distance correlations to calculate 
statistical relationships between host gene expression and expression of all the other genes in each of 
304 Drosophila microarray experiments. We identified putative targets for the intragenic miRNA 
localized within a given host gene by comparing the most statistically significant genes with three 
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target prediction databases: PITA, TargetScan and miRanda such that the final putative targets are 
both statistically significant as well as biophysical targets. A scoring system was also developed using 
the probability of occurrence of a given miRNA:mRNA target across the different experiments, as 
well as biophysical properties including the number of binding regions in the 3’ UTR and number of 
species in which the seed sequence are conserved. We have developed a R based command line 
database, Intra-miR-ExploreR, which allows users to extract targets for a queried miRNA and 
identify miRNAs that target a given gene.  In addition, we provide visualization tools for 
miRNA:target interactions (igraph) and gene ontology classification (FGNet) as a R package. Using 
this database, we identify targets for miRNAs significantly expressed in Drosophila sensory neurons. 
Finally, as biological proof-of-principle, we validate a target for miRNA dme-miR-12 as predicted by 
our method focusing on phenotypic and qPCR based gene expression analyses of Drosophila 
peripheral nervous system (PNS) dendritic arborization (da) sensory neurons.  
As it has been previously established that miRNAs and mRNAs have a one to many 
relationship, i.e. a single miRNA can target multiple mRNAs as well as a single mRNA can be 
targeted by multiple miRNAs, it would be important to investigate the effect that miRNAs with 
similar features have on their targets.  Intragenic miRNA clusters can be classified broadly into two 
types: miRNAs sharing similar host and miRNAs having similar seed sequence. Previous studies 
have established that miRNAs within the same family, i.e. sharing similar seed sequence, share 
similar regulation pattern (Guo, Zhao, Yang, Zhang, & Chen, 2014). Although this has been 
established, for miRNAs with similar sequences, not much work has been done regarding, miRNAs 
that share same host gene. In this dissertation, we investigate the effect and features common between 
miRNAs in same family or miRNAs having similar Host genes, using miRNA microarray expression 
data. Using Intra-miR-ExploreR, we identify targets for the K-box miRNA family, miR-13b-2, miR-
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2a-1 and miR-2b-2. While miR-13b-2 and miR-2a-1/2b-2, share similar sequence, but are on different 
host genes, while miR-2a-1 and miR-2b-2, are on the same host gene. Targets were validated by 
qPCR and Live imaging in Peripheral nervous system of D. melanogaster. 
 
 
3.2 Material and Methods 
3.2.1 Intra-miR-ExploreR Algorithm  
               For the Intra-miR-ExploreR algorithm, we have used microarray datasets (Experiments) for 
D. melanogaster from the GEO database (Barrett et al., 2013). To enhance statistical significance for 
the correlation analyses, experiments with five or more samples were used for analyses. Each of the 
experiments considered for further analysis were quantile normalized using the Robust Multi-Array 
Average (RMA) (Bolstad, Irizarry, Astrand, & Speed, 2003) function from the affy package (Gautier, 
Cope, Bolstad, & Irizarry, 2004) of the Bioconductor suite (Gentleman et al., 2004) in R.  The 
intragenic miRNAs were manually curated from the FlyBase database (http://flybase.org/) (Gramates 
et al., 2017b), using as a reference the miRNA list from the miRBase database 
(http://www.mirbase.org/; Release: 21) (Kozomara & Griffiths-Jones, 2014).  The statistical functions 
were then used to find the correlation between the intragenic miRNA host genes and each of the other 
genes in an experiment, using parametric Pearson (Lee Rodgers & Nicewander, 1988; Pearson, 1895) 
and non-parametric distance correlation methods (Székely & Rizzo, 2009). Pearson correlation or 
Pearson product moment correlation (denoted by r or ρ), is the linear dependence between two 
variables X and Y, which produces a value between +1 and -1, with +1 being highly correlated and -1 
being highly anti-correlated. Distance correlation (R) is the measurement of statistical dependence 
between two random variables or vectors of arbitrary, not necessarily equal dimensions. Distance 
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correlation ranges between 0 and 1 (0≤R≤1) and R=0, only if X and Y are independent. The cor.test 
function from the statistics package is used for calculating the Pearson correlation as well as the p 
value associated with it, while dcor.test function from the energy package (Rizzo & Szekely, 2011) in 
R was used for finding the p value and the distance correlation. Benjamini Hochberg (BH) False 
Discovery Rate (FDR) calculation (Benjamini & Hochberg, 1995), is performed on p values from the 
correlation analyses using the p.adjust function in R in order to reduce false positive from the results.  
To identify statistically significant, anti-correlated mRNA targets (ρ < 0) for a particular 
miRNA, all mRNAs with a q-value (FDR threshold) of less than 0.01 are selected across all 
experiments.  From these analyses, the top 25% most frequently occurring mRNAs are 
compared with the targets predicted for a given miRNA in a variety of target databases 
(TargetScan, PITA, and miRanda).  A target gene that is in the output list of either the Pearson 
and/or the Distance correlation tests and also found in the target database is considered as a 
putative target for a given miRNA. To achieve the most significant putative targets, a scoring 
system has also been designed and implemented. The scoring system is a summation of three relevant 
parameters: (1) probability of sequence conservation of both the targets and the miRNA, across the 
different species considered in TargetScan and miRanda databases; (2) number of complementary 
sites in a target for a given miRNA obtained from PITA target database; (3) probability of occurrence 
of a given target:miRNA pair across the different experiments. 
3.2.2 Intra-miR-ExploreR tool and UI 
               The Intra-miR-ExploreR database is built in R. The database is divided into three major 
functional features: (1) Statistically Significant Targets: using the algorithm discussed in the previous 
section, targets for the intragenic miRNA are identified and scores associated to each putative 
miRNA:target pairs are calculated. The data is stored in  .RData files and the miRTargets_Stat 
88 
 
function extracts this data for the user. The output for miRTargets_Stat is the mRNA targets for a 
given intragenic miRNA in three different ID formats (Gene Symbol, FlyBase Gene ID (FBGN ID) 
and Coding Gene IDs (CGID)), corresponding scores produced by the scoring functions, Molecular 
Function (MF) and Biological Function of the putative target from FlyBase (FB2016_03, released 
May 24, 2016),  Experiment IDs of the experiments in which the host gene and the target are 
statistically anti-correlated and/or dependent and target databases which have predicted the targets.  
Similarly, the gene_Stats function provides the user with the same information for a given gene(s) 
providing the user with the miRNA BF and MF information instead of the putative target gene 
functional information. (2) Gene Ontology: For gene ontology the user can choose from two different 
methods: DAVID (Huang, Sherman, & Lempicki, 2009b, 2009d) and topGO (Alexa & Rahnenfuhrer, 
2016). The Gene Name List and Gene Ontology types are the most important inputs for the 
GetGOS_ALL function, which provides the Gene Ontology for the query list. While DAVID divides 
the genes into functional clusters, the topGO tool provides topology of the GO term. (3) Gene 
Visualization: for visualization the user is given an option to visualize the top scoring mRNA targets 
for a given miRNA or top scoring miRNAs that target a particular mRNA. The user can set the 
threshold with respect to the number of top scoring targets and can visualize these targets by three 
methods: text, igraph (Csárdi & Nepusz, n.d.) and Cytoscape (Shannon et al., 2003). The targets are 
represented in descending order based on the score. The Cytoscape output is provided in text format 
that can be directly used as input to the Cytoscape tool (www.cytoscape.org).  The igraph output can 
be obtained either in an interactive format or in the static image format. 
               A desktop User Interface (UI) has been developed in JAVA using the Swing architecture. R 
and Java interface is done via RCaller (Satman, 2014).  The UI, can be broadly classified into 2 parts: 
mRNA query and the miRNA query section. The user is provided with the option to select mRNA or 
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miRNA to query, using a radio button option, in the home page. For the mRNA query section, the 
user has an option to input either a single mRNA or multiple mRNAs as a query. Using the RCaller, 
R and Java Interface, a call is made to the R function Visualisation if miRNA is selected as query 
option or Gene_Visualisation if mRNA is selected as query option. The output can be visualized in a 
table format or downloaded as a text file. 
The user is given an option to select the Platform (Affy1 or Affy2) the Analysis method 
(Pearson, Distance, Both or BothIntersect) and type of input (Gene Symbol, Flybase Gene ID (FBGN 
ID) or Secondary annotation (CGID)). The output is provided to the user in a JTable format. The user 
can also download the data as a text file. For the miRNA query section, the user is provided with a 
table prepopulated with the intragenic miRNA with their host gene name in Gene Symbol and CGID. 
The user is given similar options like the mRNA query method regarding the platform and the 
annotation. The only addition is the user can select a threshold, regarding the number of targets they 
would want to visualize. 
3.2.3 Drosophila strains 
To conduct gain-of-function/ loss of function analysis, each of the miRNAs in dme-miR-12 
(miR-12/283/304) cluster, as well as the cluster was screened by overexpressing it in Class IV.( Class 
IV:  w; GAL4477,UAS-mCD8::GFP/CyO-GAL80; ppk1.9-GAL4,UASmCD8::GFP(Iyer et al., 2013a); 
Bloomington stocks: miR-12: 41140, 61379, miR-283: 58912, 61415,  miR-304: 58918, 41170, 
61422 ). The following UAS-RNAi transgenic stocks were used for phenotypic validation of putative 
miR-12 target mRNA Ank2 (UAS-Ank2-RNAi, TRiP lines: HMS00295, corresponding to 
Bloomington stock number B-33414). For miRNA overexpression and target RNAi screen, flies were 
maintained at 25˚C on standard cornmeal molasses media and the crosses were performed at 29˚C.   
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3.2.4 Cell isolation and purification miRNA microarray 
Total RNA was extracted from third instar larvae expressing UAS-mCD8::GFP under the 
control of the ppk1.9-GAL80;GAL4221 (CI), ppk1.9-GAL80,GAL4ppk(CIII)or ppk1.9-GAL4(CIV) 
drivers.  The isolation and purification of CI, CIII and CIV da neurons was performed as previously 
described (E. P. R. Iyer et al., 2013; E. P. R. Iyer, Iyer, Sulkowski, & Cox, 2009; S. C. Iyer et al., 
2013a).  The purified CI, CIII, and CIV neuron populations were then lysed in miRcury™ (Exiqon) 
RNA lysis buffer followed by storage at -80˚C. For whole larvae controls, 10 third instar larvae were 
homogenized in miRcury RNA isolation buffer (Exiqon), following which RNA was eluted as per 
manufacturer protocols. In order to process the whole larvae RNA identically to the da neuron 
samples, 10 microliters of whole-larvae RNA, diluted to the same levels as da neuron samples, was 
added to miRcury™ (Exiqon) buffer and stored at -80˚C. 
 miRNA isolation, amplification, labeling, hybridization, and microarray analyses were 
conducted by miRCURY™ LNA Array MicroRNA Profiling Services (Exiqon).  Briefly, total RNA 
was isolated from independent pools of da neurons (CI, CIII, CIV) (1000-1500 neurons/pool) via the 
miRcury RNA isolation kit.  miRNA expression in da neuron subclasses was normalized against 
wild-type whole third instar larval RNA lysates.  For da neurons and whole larval lysates, 1000ng 
each of total RNA was used as a template for Hy3 and Hy5 labeling, respectively, followed by 
hybridization to the multi-species Exiqonversion 11 Other Species miRNA arrays (which include 
D.melanogaster).  The microarray probes were annotated according to miRBase 16.  All miRNA 
profiling was conducted in triplicate for each sample. Spike-in CV% values are calculated between 4 
replicates for a subset of the 52 spike in controls present on each slide, to verify the absence of spatial 
effects on the array (smear across the slide) or misplacement of the grid for annotating the spots. 
When calling of a particular miRNA failed on an array this is indicated by the acronym "NA" in the 
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row containing this miRNA and in the column corresponding to this array. In the expression matrix, 
all capture probes with both Hy3 and Hy5 signals lower than 1.5x of the median signal intensity of 
the given slide are excluded.  
For differential gene expression and SAM analysis, raw microarray data was normalized and 
analyzed by TMEV4 software (Saeed et. al, 2006). Briefly, global Lowess normalization followed by 
quantile normalization was performed on raw array data. and all raw signals were thresholded to 1 
and data was baseline transformed to the median signal intensity value of all arrays. Arrays were 
grouped (CI, CIII, CIV or whole larva) and signal values were averaged over replicates for the 
analyses. miRNA expression data, including raw data and normalized datasets, have been deposited 
into Gene Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo) with the series accession 
number GSE83609. The CAST algorithm (Ben-Dor et al., 1999), was implemented in the TMEV4 
analysis software package to perform hierarchical clustering on the phenotypic profiling data, 
applying as input a threshold parameter of 0.6, which controls the granularity of the resulting cluster 
structure, and a similarity measure between the neuronal phenotypic profiles.  
3.2.5 miRNA phenotype detection by in vivo imaging and quantification  
Each of the miRNAs (dme-miR-12, dme-miR-304 and dme-miR-283) and the dme-miR-
12/283/304 cluster was expressed under CI, CIII, and CIV GAL4 control and phenotypically screened 
in third instar larvae via live image confocal microscopy.  To verify reproducibility of observed 
miRNA-induced phenotypes, the cluster as well as the individual miRNAs were screened with a 
minimum of two, and in some cases, up to three, independent UAS-miRNA transgenes. For each line 
screened, 6-10 third instar larvae were analyzed and representative image data was collected.  For live 
confocal analyses, larvae were mounted in 1:5 (v/v) diethyl ether to halocarbon oil and visualized on 
a Nikon C1 Plus and a Zeiss LSM 780.   Images were collected as describe in as previously described 
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(Turner et al., 2016a). Quantitative neuromorphometric analysis of dendritic architecture was  
performed as described (S. C. Iyer et al., 2013b). 
3.2.6 RNA extraction and Quantitative PCR 
To determine changes in target gene expression in a miRNA sponge background, CIV da 
neuronal subpopulations were isolated from miR-12-SP and compared to wild-type controls using 
magnetic bead based sorting.  Following RNA purification using Exiqon miRCURYTM RNA 
Isolation kit, qRT-PCR was conducted as previously described in Sulkowski et al., 2011; Iyer et al., 
2012(S. C. Iyer et al., 2013b; Sulkowski, Iyer, Kurosawa, Iyer, & Cox, 2011). Results from three 
technical replicate were averaged to generate Ct values for each biological replicate. Then, analysis of 
differential fold change based on Ct results was performed using the Livak (ΔΔCt) method (Livak & 
Schmittgen, 2001) .  
Ank2 and wdb, were the targets used for the verification and the Qiagen primer id for the same 
are: QT00960064 and QT01091496, respectively. Expression data was normalized to both CG2200 
(QT00921235) and CG14130 (QT00962808), which were selected as they showed highly stable 
expression across microarray experiments (Hruz et al., 2011) and were non targets dme-miR-12. 
miScript Primer Assays (Qiagen) used in this study was miR-12 (MS00017976).  miRNA 
amplification and measurement were performed as described in the miScript PCR kit (Qiagen).  
3.2.7 miRNA co-expression and sequence similarity 
miRNA co-expression analysis was done using Pearson correlation using the cor.test() 
function in R using the R stats package (R Team, 2015). Heatmap was performed using heatmap.2 
function from ggplots (Warnes, Bolker, Bonebakker, & Gentleman, 2009) package in R. Sequence 
similarity measurement was performed using the pairwisealignment function in Biostrings  package 
in R.  
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3.2.8 Statistics and Visualization 
To determine the significant results for morphology analysis and quantitative PCR, hypothesis 
testing method, t-test was used with p-value as parameter to measure significance. p-value <0.05 =*; 
p-value <0.01: **, p-value < 0.001: ***.    All the barplots have Standard error of mean error bars. 
Barplots constructed using Prism (Graphpad). Heatmaps were done in R gplots (Warnes et al., 2009). 
Pie charts were built using  https://www.meta-chart.com/pie. Venn Diagrams were constructed using 
Venny at : http://bioinfogp.cnb.csic.es/tools/venny/. 
3.2.9 Contributions 
The following people contributed to the work: 
S. Bhattacharya: IntramiRExploreR tool and miRNA microarray analysis 
S.C. Iyer: miRNA microarray. 
A. Patel, S. Sivakumar, S. Bhattacharjee and J. Letcher: miRNA screening and Target   
phenotypic validations 
A. Patel, S. Bhattacharjee: quantitative PCR 
N. Yasarturk and S. Bhattacharya: User Interface.  
 
3.3 Results 
3.3.1 Identifying intragenic miRNA targets using host gene expression for Drosophila 
Intragenic miRNAs comprise approximately 60% of all identified miRNAs in the 
D.melanogaster genome thereby representing a major category of these important post-transcriptional 
regulatory factors. Given that the number of Drosophila-specific miRNA microarray experiments 
available in the Gene Expression Omnibus (GEO) database (Barrett et al., 2013) is minimal in 
comparison to other organisms, we used the host gene expression as a proxy for the intragenic 
miRNA, as previously described (Baskerville & Bartel, 2005a; V. A. Gennarino et al., 2008; 
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Vincenzo Alessandro Gennarino et al., 2011; Karali et al., 2007; Y.-K. Kim & Kim, 2007; Tsang, 
Zhu, & van Oudenaarden, 2007). For these analyses, we used the Affymetrix platform mRNA 
microarray data publicly available from GEO (Barrett et al., 2013) as the number of experiments for 
Drosophila covered by Affymetrix were large in comparison to other platforms. We considered only 
microarray experiments, as our goal was to extract the expression of the genes. As D.melanogaster 
genome has been sequenced a number of times, we had enough confidence on the probes for each of 
the genes. To achieve statistical rigor for database construction, we considered only those 
experiments in which there were five or more replicates. Among the 281 experiments conducted on 
the Affy2 platform, 248 experiments that had five or more replicates (88.3%), whereas among the 67 
experiments on the Affy1 platform, 56 experiments had five or more replicates (83.6%). 
We manually curated FlyBase to identify the genomic location of each miRNA, from the 
miRNA list downloaded from in miRBase Release 21 (June, 2014).  We identified 255 total miRNA 
precursors, which produces 460 mature miRNAs. As the most of the miRNA precursors produced 
mature miRNAs, we used 255 as the total number of miRNAs. Among the 255 total Drosophila 
miRNAs reported in miRBase, 46 are intergenic and 47 had their genomic location within long non-
coding RNAs (lncRNAs). As no previous studies, have identified relationships between lncRNAs and 
their intragenic miRNAs we omitted these miRNAs from further consideration. Out of the remaining 
162 miRNAs, 83 were used for our analysis given that the remaining, newly identified, miRNAs did 
not have predicted targets in any of the three target databases considered for this study (TargetScan, 
PITA and miRanda) (Supplementary Table 2). 
We next performed parametric Pearson and non-parametric Distance correlations for each 
host gene versus all the other genes across a given experiment. We identified all the significant 
Pearson or Distance correlated genes across all the experiments, maintaining a threshold of less than 
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0.05 (q<0.05) and negative for Pearson Correlation. For Distance correlation, as it is measuring 
whether there is statistical dependence or not, we only consider genes which exhibit a correlation 
value greater than zero with the host gene and having q<0.05. Further, we identified host gene and 
Pearson/Distance correlated gene pairs that occur the maximum number of times across all the 
experiments. As we are considering many experiments pertaining to different tissues and conditions, 
it is possible that we may observe anti-correlation due to factors specific to a given tissue or 
condition. However, we reasoned that if we observe the same statistical relationship occurring across 
numerous experiments, there is greater confidence regarding the nature of the correlation relationship 
as a true positive. As such, we applied a probability of occurrence threshold of the top 25% for a 
given host gene and Pearson/Distance correlated gene pair.  
These genes are then compared with a union of putative targets obtained from the target 
databases TargetScan, PITA and miRanda. The intersection between this list gives us the targets for a 
given intragenic miRNA, which satisfy both statistical expression correlation, as well as the other 
biophysical criteria including seed sequence complementarity and Gibbs free energy thresholds. A 
scoring system was also developed which is a cumulative sum of sequence conservation score 
obtained from TargetScan and miRanda, and the number of target sites for a given miRNA seed 
sequence obtained from PITA together with the probability of the host gene:target pair occurring 
across all the experiments.  A schematic of the method employed is presented in Figure 3-1. The 
package can be downloaded from the Bioconductor development repository, using the following link 
https://bioconductor.org/packages/devel/bioc/html/IntramiRExploreR.html. 
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Figure 3.1 Flow of Intra-miR-ExploreR 
Affymetrix 1 and Affymetrix platform 2 microarray data was extracted from Arrayexpress. 
Using the rma package of the Bioconductor suite of tools, we normalized the data. Microarray 
experiments having > than 5 assays were considered for further statistical analysis. Host gene 
probe id was identified for each intragenic microRNA and 2 separate statistical tests: Pearson 
and Distance was performed to identify statistically related putative targets. A FDR Threshold 
of <0.05 was considered. Top 25% Host gene Target pairs were considered as statistically 
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related targets. These targets were than compared with the biophysical targets of each of the 
intragenic miRNAs to identify true putative targets. 
 
3.3.2 Identifying intragenic miRNA targets using host gene expression for Drosophila 
The Intra-miR-ExploreR tool is developed in R, and in addition to being a global database of 
putative targets for intragenic miRNA in Drosophila, it also provides the user with other important 
functions that provide biological information about the miRNAs and its putative targets. The user can 
input a single or multiple miRNA(s) (or mRNA(s)) gene symbols and obtain the corresponding target 
genes (or miRNAs), by the method described above. The user can obtain data from either of the two 
employed platforms, Affy1 and Affy2, with putative targets from Pearson or Distance correlations 
individually or as a combination of both the methods. The user can also perform gene ontology 
analysis via DAVID (Huang et al., 2009b, 2009d). The visualization function developed for the tool 
enables the user to obtain networks of miRNA and its target genes in which the thickness of the edges 
act as the representation of the cumulative scores that adds up the probability of occurrence of the 
host gene and mRNA targets in the experiments analyzed, probability of conservation of sequence 
across species and number of seed match region for the miRNA. (Figure 3-2) 
For the UI, Once the user selects the miRNA or the mRNA option using the radio button on 
the home page, he/she is provided with the option to type in the mRNA/mRNAs (in the mRNA query 
section) or select the miRNA/miRNAs using radio button (in the mRNA query section). As there can 
be numerous targets for a given miRNA, a threshold option is given to the user to select number of 
targets they want to visualize for a given gene/ genes. By default, the user can visualize 50 targets for 
a single miRNA queried. If no threshold is provided for queries with more than 2 miRNAs, different 
thresholds are selected. For 3-4 miRNAs, the default is 25 target genes per miRNA, while for more 
than 4 miRNAs the default is 10 targets for miRNAs. The output is in form of a JTable and displays 
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the miRNA name, Target name in 3 different formats (GeneSymbol, FBGN ID and CGID), the Score, 
GEO IDs for Experiments in which the target:miRNA pairs are statistically correlated in, and  the 
Biological processes in which the mRNA (or miRNA in case if the Query option selected is mRNA) 
is involved in  as per the Flybase database and the statistical method that predicts the mRNA to be a 
target of the  miRNA. (Appendix Figure B6) 
 
 
Figure 3.2 IntramiRExploreR Target Database 
The IntramiRExploreR tool can be divided into 4 different functions. miRNA Information: 
Provided the user with the information about whether the miRNA is intragenic and also 
returns to the user the Host Gene For the miRNA using the function extract_HostGene. 
Similarly the intragenic miRNA of a given host gene can be accessed by the user using the 
extract_intragenic_miR Target Prediction:  Provides the user with the miRNA targets from 
precomputed files, using the miRTargets_Stat function. Also the user can identify miRNAs 
targeting a host gene using the genes_Stat function. Visualisation: The user can query targets 
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as well as visualize the targets using igraph/cytoscape, for a given miRNA, using the 
Visualisation function and identify miRNAs targeting a given gene, using the 
Gene_Visualisation function. Gene Ontology: The users can obtain the Gene Ontology for 
miRNA targets using the GetGOS_ALL function. Two available options are: DAVID and 
topGO. 
 
 
3.3.3 Enhancing miRNA target prediction confidence through integrative analyses 
Currently there are no available informatics tools that systematically examine putative 
intragenic miRNA targets in Drosophila at a genome-wide level based upon a combination of 
expression correlation analyses and biophysical binding properties.  To demonstrate the utility of an 
integrative analytical approach that considers a combination of these factors relative to examining 
either biophysical binding properties versus expression correlation analyses alone, we performed a 
comparative set of bioinformatics using the Intra-miR-ExploreR pipeline.  First, we sought to 
investigate the degree to which statistically significant anti-correlation expression may be observed 
due to chance.  For these analyses, we selected 200 random gene which are not predicted targets for 
two different types of intragenic miRNAs. Intragenic miRNAs can be divided into two broad 
categories based on the number of intragenic miRNAs present within their host gene genomic region. 
Some host genes contain a single intragenic miRNA within its genomic region, while other host 
genes can contain multiple intragenic miRNAs. We selected dme-miR-13b-2 (host gene: CG7033, 
hosts only a single miRNA) and the dme-miR-12/283/304 cluster (host gene: GMAP, hosts three 
miRNAs) (Figure 3-2a). The 200 random genes were selected such that they are not predicted targets 
of any of the selected miRNAs, nor targets of miRNAs that have similar seed sequence with the 
selected miRNAs. From these analyses, we found 77 out of 200 random genes (38.5%) for dme-miR-
13b-2 and 75 out of 200 genes (37.5%) for dme-miR-12/283/304 cluster were anti-correlated with 
their respective host genes, whereas the remaining random genes failed to exhibit significant anti-
correlation with the miRNA host genes. These analyses indicate that anti-correlation alone can lead to 
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false positive results that may occur simply by chance.  Moreover, it is also possible that a host gene, 
here used as a proxy for the corresponding intragenic miRNAs, could independently exhibit genetic 
interactions with other genes and thereby impact their expression.   
We also sought to determine whether all putative target genes predicted by target databases 
including TargetScan, PITA and miRanda, were anti-correlated or not. In the Intra-miR-ExploreR 
algorithm, a putative target for a given miRNA is predicted if it has a statistical relationship with the 
target as well as is predicted by at least one target prediction databases used in our analyses 
(TargetScan, PITA and miRanda). We observed that number of targets predicted by Intra-miR-
ExploreR compared to a union of targets predicted by these three databases, varied tremendously 
between miRNAs, with the variance ranging from approximately 36%-80% (Figure 3-2b, 
Supplementary Table B3).  These analyses reveal a wide degree of variability with respect to 
putative targets identified by biophysical binding properties and those that exhibit statistically 
significant expression correlation.  For example, in the case of dme-miR-990, a single intragenic 
miRNA located within the genomic region of the CG8910 host gene, target databases predict 1,022 
putative targets, however via Intra-miR-ExploreR analyses, which examines both biophysical 
properties in concert with statistical expression correlation analyses, the number of putative targets is 
reduced to 567 representing a 44.5% compression of the potential targets for dme-miR-990 regulation.  
Similarly, in the case of the dme-miR-307 cluster, comprised of dme-miR-307a and dme-miR-307b 
intragenic miRNAs located within the genomic region of the Mmp2 gene, target databases predict a 
combined 2,172 putative targets, while Intra-miR-ExploreR analyses reduces the number of predicted 
targets for dme-miR-307a to 671 (~69.1% reduction) and for dme-miR-307b to 776 (~64.3% 
reduction).  Thus, by integrating biophysical and expression correlation metrics the relative 
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complexity of the one-to-many relationships that are possible between miRNAs and their targets can 
be reduced and thereby promote more directed and biologically relevant regulatory investigations.  
We likewise observed that in cases where there are multiple intragenic miRNAs in the 
genomic region of a host mRNA, each of the miRNAs target different numbers of genes, but share a 
considerable number of targets in common between them, with miRNAs sharing similar seed 
sequence having more common targets, compared to ones which have different seed sequences 
(Supplementary Table B4). 
 
 
 
Figure 3.3 All statistically correlated targets are not putative targets and all biophysical 
targets are not putative targets 
 
(a) All Statistically significant genes are not Targets: Genes which were not targets of two 
miRNAs, miR-12/283/304 and miR-13b-2, were passed through the same workflow used in 
identifying the targets. Out of 200 random genes chosen, 37.5% (75), had statistical relationship with 
Gmap (miR-12 cluster Host gene; depicted by red colour in the graph),  while  38.5% (78) had  
statistical relationship with CG7033 (miR-13b Host gene; depicted by green colour in the graph), 
compared to 200 putative intragenic targets for both miR-12 cluster and miR-13b-2 (depicted in blue 
colour). Y-Axis depicts the number of targets (counts) (b) All Biophysical targets are not 
statistically correlated. For a single intragenic miRNA in a host gene dme-miR-990, only 55% (567 
Genes) of the targets are statistically correlated as per IntramiRExploreR (Depicted  in red) out of 
1022 targets  (depicted in green) predicted by the union of  Target Prediction databases. For the 
miRNA cluster miR-307, out of the 2172 targets (depicted in red) predicted by the Target Prediction 
databases, only 35.7% are predicted by the IntramiRExploreR for miR-307a (depicted in green) and 
30.8% predicted for miR-307b (depicted in blue). Y-Axis depicts the number of targets (counts). 
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3.3.4 miRNAs play a role in providing class specific dendritic architecture in da neurons 
We hypothesize that miRNAs play a role in dendritic architecture in the da neurons.  To 
identify miRNAs that regulate class-specific dendritic morphologies in da neurons, transcriptomic 
analyses were performed using miRNA microarrays for three different subclasses of da neurons 
(Class I, Class III and Class IV), followed by gain of function analyses of significantly expressed 
miRNAs in the same neuronal classes (Methods Section).  
Microarray was performed on Class I, Class III and Class IV neurons on a Pearson 
Correlation between the quantile normalized expression of all miRNAs in the sample reveal that the 
correlation within samples (between replicates of each sample), are near to 1, giving us the 
confidence that there isn't much variance within samples (Figure 3-4a). It was also observed that 
between samples there is high correlation of expression between Class III and Class IV (0.866), 
compared to Class I (0.27 between Class I and Class IV and 0.45 between Class I and Class III 
(Figure). The analysis revealed that 59 microRNAs were expressed over the background, and a heat 
map representation of the hierarchical clustering of these microRNAs revealed that the maximum 
microRNAs are expressed in Class IV (38 miRNAs) compared to class I and Class III (Figure 3-4 b). 
33 miRNAs are expressed at higher levels in Class III da neurons relative to Class I, while 21 
miRNAs are more expressed in Class III compared to Class IV. Class I neurons exhibit the lowest 
number of significantly expressed miRNAs with 25 being expressed at higher levels in Class I 
compared to Class III and 21 miRNAs at higher levels compared to Class IV da neurons. One 
microRNA, dme-miR-7 showed the same expression in Class I and Class III. As the correlation 
between miRNAs in Class III and Class IV are high, as well as number of miRNAs expressed over 
the background in Class III and Class IV are more than in Class I, we can infer that there is a major 
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role played by the miRNas, providing individual da neuron classes with their signature dendritic 
architecture. (Figure 3-4 b) 
 
Figure 3.4 Correlation between samples and miRNA expression across the three classes 
 
Pearson correlation between the samples of Class I, Class III and Class IV. The   colors 
range from yellow (+1) to dark blue (0). The values represent the correlation between samples. (b) 
Heatmap depicting the expression of the 59 significantly expressed miRNAs across Class I, 
Class III and Class IV da neurons. The expression is scaled by the Z-score function, with yellow 
depicting +1 and Blue depicting -1. 
 
For the gain of function study, a total of 66 individual miRNAs and 11 miRNA clusters were 
screened in CI, CIII and CIV da neurons using 151 UAS-miRNA lines. Moreover, to determine if 
subtypes of morphologically similar CI, CIII or CIV da neurons exhibit molecular heterogeneity in 
regulating dendrite morphogenesis, we analyzed and compared the control and miRNA overexpression 
phenotypes of the dorsal and ventral CI da neurons (ddaE and vpda), the dorsal and ventral CIII neuron 
subtypes (ddaA/F and v’pda) as well as each of the three CIV neurons (ddaC, v’ada and vdaB) using 
live confocal microscopy and rigorous neurometric quantification.  Neurometric analysis was 
performed on 11,500 neuronal images collected and recorded from overexpression phenotypes of Class 
I, Class III and Class IV da neuron subtypes. To characterize the dendritic complexity and evaluate the 
significant statistical changes from the control, key morphological parameters, including total dendritic 
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length, total dendritic branches and branch density (calculated as number of branches per unit length) 
were quantified.  These analyses were used to identify positive miRNA. 
Collectively, our quantitative analyses revealed that over 95% of the significantly expressed 
miRNAs screened (72 of 75) resulted in a phenotype in Class IV neurons, 80% of the transgenes (60 
out of 75) produced a phenotype in Class III neurons and 67% (55 out of 75) in Class I neurons, that 
were significantly different than controls in atleast one phenotypic parameter and were qualitatively 
reproducible (Figures 3-5). Overexpression of the miRNAs, exhibited class specific dendritic defects. 
Approximately ~48% miRNA overexpression lines showed a complexity increase in Class I, whereas 
overexpression of ~85% and ~75% miRNA lines showed decrease in complexity in Class III and Class 
IV respectively. From this we can infer that neurons with simpler dendritic morphology (Class I) 
expresses more genes that restrict dendritic morphology, whereas in the complex Class III and IV, 
genes that promote and/ or maintain complex dendritic morphology growth are highly expressed. 
Certain miRNAs although have an enhancement effect on the complex Class III and Class IV neurons 
like the K-box miRNAs (dme-miR-13b, dme-miR-2a and dme-miR-2b) which is represented by an 
increase in Class III and Class IV branch densities. 
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Figure 3.5 Phenotypic Quantification of the miRNAs across the three classes 
 
The heatmap represents the significant percentage change in total dendritic length (TDL), 
Number of Branches (Branches) and Branches per unit length (BPUL), between miRNA 
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overexpression in each of the 3 classes (Class I, Class III Class IV) and their respective wild type 
controls. T-test was performed between the controls with a p-value < 0.05 kept as a threshold for the 
analysis. Parameters having significant p-values are represented, with pink for the positive and blue 
for negative values. Class I neurons are ddaE and vpda. Class III neurons are ddaF and v’pda and 
Class IV are ddaC, v’ada and vdaB.      
 
3.3.5 miRNA targets obtained from IntramiRExploreR show significant phenotypic variation 
For validation of our algorithm, we first identified miRNAs that were expressed over the 
background by our microarray analysis, as well as showed significant phenotype in our 
overexpression study as described above. Using the microarray analysis, we identified dme-miR-12 
cluster (miR-12, miR-304 and miR-283), which maps to the fifth intronic region of the Gmap gene on 
the X-Chromosome (F. Friggi-Grelin, Lavenant-Staccini, & Therond, 2008) (Figure 3-6 a), as 
potential regulator of the dendritic complexity of the da neurons, in Class IV. It has also been 
observed in previous studies that the miR-12 cluster is expressed in the peripheral nervous system in 
the Drosophila embryo(Aboobaker, Tomancak, Patel, Rubin, & Lai, 2005). miR-12 and miR-304 
were the genes expressed over the background in our microarray dataset and both micro RNAs were 
expressed highest in Class IV, and the least in Class I, with expression of Class III in the middle. 
(Figure 3-6 b) 
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Figure 3.6 Intragenic miR-12 Cluster members are expressed in Complex da neuron 
(a) miR-12 cluster is an Intragenic miRNA cluster: dme-miR-12/283/304 is situated in the 
intronic region of protein coding gene, Gmap (Flybase ID: FBgn0027287; 
http://flybase.org/reports/FBgn0027287.html). (b) miRNAs of the miR-12 Cluster are more 
expressed in Complex Classes. Heatmap showing expression of dme-miR-12, across the 3 classes, 
with yellow representing low expression and blue representing high expression. dme-miR-12 and 
dme-miR-304 of the cluster are expressed over background, with both of them having higher 
expression in Class III.  
 
To elucidate the biological significance of miR-12 cluster expression in da neurons, loss-of-
function MARCM and overexpression studies were conducted in Class III and IV neurons, which 
exhibited the highest levels of expression. In Class III neurons, mutation of the cluster leads to a loss 
of actin-rich dendritic filopodia relative to controls, whereas cluster disruption in Class IV neurons 
reduces higher order branching and dendritic field coverage relative to controls. To complement the 
mutant analyses, overexpression studies of individual components of the cluster were performed on 
Class III and IV neurons. miR-12 overexpression in Class III leads to formation of actin-rich 
filopodia, which is consistent with the loss-of-function MARCM analyses, and miR-304 
overexpression shows a phenotype, like that observed with miR-12 overexpression, albeit less severe. 
miR-283 overexpression is reverse of the other two cluster miRNAs leading to reduced dendritic 
branch formation and ultimately growth. Overexpression of the full cluster (miR-12-283-304) 
produces a phenotype that is intermediate between miR-12/304 and miR-283. In Class IV, both miR-
12 and miR-304 expression promotes the de novo formation of actin-rich dendritic filopodia, while 
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miR-283 expression shows a reduction in branch length. Overexpression of the cluster leads to the 
formation of actin rich filopodia (contributed by miR-12 and miR-304) and little increase in lateral 
branching (miR-283 characteristics) (Figure 3-7 b, c). This leads us to the inference that miR-12 is a 
strong promoter of actin rich filament formation, while miR-304 also plays a role in filopodia 
formation, but it is weaker than miR-12. This made us chose dme-miR-12 as the microRNA to 
investigate further. 
 
 
 
Figure 3.7 miR-12 cluster overexpression shows defect in the da neuron morphology 
 
miR-12 cluster overexpression in Class III and IV show significant phenotype : 
Overexpression of individual miRNAs in the miRNA cluster as well as the individual miRNAs in the 
cluster, in Class III (Figure 3.5 a-e), shows an increase in filopodial architecture in dme-miR-12 and 
dme-miR-304, but a decrease in dendritic branches in dme-miR-283, while the cluster phenotype is a 
intermediate between dme-miR-12/304 and dme-miR-283. Overexpression of the cluster and 
individual miRNAs, in Class IV (Figure 3.5 f-j), shows an increase in actin rich filopodia in dme-
miR-12 and dme-miR-304, 4, but a decrease in dendritic branches in dme-miR-283, while the cluster 
phenotype is a intermediate between dme-miR-12/304 and dme-miR-283. 
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To verify targets for the given microRNA (dme-miR-12) we first looked at Gene ontology of 
the approximately 1702 targets (Figure 3-8 a, b, 3-9 a). We identified 2 genes based on Cytoskeletal 
and neural functions, and identified the gene Ank2 (Ankyrin 2; Flybase ID: FBgn0261788) and wdb 
(widerborst; Flybase ID: FBgn0027492) for further verification, as they have not been previously 
associated as a target of dme-miR-12. The gene Ank2 is designated as a target of dme-miR-12, by both 
Pearson and Distance analysis, as per the Affymetrix 1 platform and is also targeted by the other 
miRNAs in the cluster (Figure 3-9 b). Functionally Ank2 has been associated with microtubule 
cytoskeleton organization in D. melanogaster, neuromuscular junction (NMJ) synaptic stability 
(Koch et al., 2008b; Pielage et al., 2008).  The gene wdb, on the other hand, is a regulatory subunit of 
the Protein Phosphatase 2A complex and has not been studied in these neurons previously. Wdb is a 
putative target for dme-miR-12, as per the Distance as well as the Pearson analysis on Affymetrix 2 
platform datasets (Figure 3-9 c). 
 
  
Figure 3.8 Gene Ontology representation of the Affymetrix 1 miRNA targets from DAVID 
 
Gene Term Clusters from DAVID functional Annotation: Representative images of terms 
shared between the clusters containing the cytoskeleton organization term, cluster 1(cl1; red colored 
vertex) and cluster 8 (cl8; yellow in color). Cytoskeleton organization term is highlighted (Figure 3-8 
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a)  Genes shared between Cluster 1 and Cluster 8.  Genes shared between Cluster 1 (red) and 
Cluster 8 (blue).  Ank2 our gene of interest is highlighted. (Figure 3-8 b) 
 
 
 
Figure 3.9 Ank2 and wdb  are targets of miR-12 
dme-miR-12 targets: Targets predicted by IntramiRExploreR for dme-miR-12 , are 
approximately 76% (1702 genes; depicted in red) , of those predicted by the Target Database (2239 
genes; depicted in green). Y-Axis depicts the number of targets (counts) (Figure 3-9 a).  miRNAs 
targeting Ank2:   Out of the 89 miRNAs studied, 43 target Ank2, as per the Affymetrix 1 platform 
data, and all the miR-12 cluster miRNAs (dme-miR-12, dme-miR-283 and dme-miR-304) target Ank2. 
The 2 separate nodes depict that both Distance and Pearson correlation produce the target and node 
width depicts the score (Figure 3-9 b).  miRNAs targeting wdb:   Out of the 89 miRNAs studied, 17 
target wdb, as per the Affymetrix 2 platform data and out of the three miRNAs in miR-12 cluster, 
only miR-12 targets it. The 2 separate nodes depict that both Distance and Pearson correlation 
produce the target and node width depicts the score (Figure 3-9 c). 
 
 
As miRNAs down regulate the expression of the mRNAs, we looked at the loss of function 
(MARCM) phenotype for Ank2 and wdb, in Class IV. We observed phenotypes that were 
phenotypically similar to those of dme-miR-12 overexpression in Class IV da neurons (Figures 3-10, 
3-11 a). This supports our hypothesis these mRNAs appear to function as targets of dme-miR-12. To 
further validate our hypothesis, we performed qPCR on third instar larval RNA on an overexpressed 
dme-miR-12 background to observe the expression of the Ank2 and wdb mRNAs. We observed that 
Ank2 and wdb were negatively expressed with significant fold change in both the cases (Figure 3-11 
b).   
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Figure 3.10 Ank2 and wdb loss of function phenotype is similar to miR-12 OE in phenotype 
 Quadrant images of Class IV Wild type (WT), miR-12 Over expression (OE), Ank2 IR 
(Inverted repeats) and wdb IR, are shown here, to represent the anticorrelated phenotypic relationship 
between miRNA and its target mRNA. miR-12 over expression on a class IV background shows 
simpler dendritic architecture in the terminals, with filopodial structure similar to Class III 
architecture. Similarly, loss of function IR images of Ank2 and wdb, show similar phenotype to that 
of miR-12 OE. 
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Figure 3.11 Ank2 and wdb are targets of miR-12 
Ank2 and wdb have a significant decrease in Total dendritic length compared to Class IV 
wild type.  Quantitative analysis of total dendritic length show that miR-12 OE, wdb IR and Ank2 IR 
reduce significantly compared to Wild type Control. Statistical test performed: t-test. p-value <0.05 
=*; p-value <0.01 : **, p-value < 0.001: *** (Figure 3-9 a).  ( Ank2 and wdb have a reduced 
expression in miR-12 OE background.  qpCR analysis of Ank2 and wdb, compared to a control show 
a negative correlation. Statistical test performed: t-test. p-value <0.05 =*; p-value <0.01:**, p-value < 
0.001: ***.      (Figure 3-9 b).       
 
Though our study focused only on the sensory neurons in D.melanogaster, we used the 
available literature on intragenic miRNA targets, from Flybase (Attrill et al., 2015; Attrill, Falls, 
Goodman, Millburn, Antonazzo, Rey, Marygold, & consortium, 2016; Gramates et al., 2017b). Out 
of the 83 intragenic microRNAs investigated by Intra-miR-ExploreR, only 25 have been studied in 
detail. Our analysis identified 43 targets for 16 microRNAs out of these 25. The targets for the 
remaining 9 miRNAs, were not actual biophysical targets, so were not considered in the analysis 
(Supplementary Table B4).   
3.3.6 miRNAs with similar sequence and/or same host genes show similar expression pattern 
As miRNAs play a role in dendritic development, we next wanted to investigate whether the 
miRNAs shared any common features from the miRNA expression data. Using Pearson Correlation 
followed by heatmap analysis, we identify miRNAs that are co-expressed across the three classes of 
the da neurons of the peripheral nervous system in Drosophila. We identified two distinct clustered 
regions in the heatmap: a larger cluster comprised of 33 miRNAs and a smaller cluster comprised of 
the remaining 26 miRNAs (Figure 3-12).  A common pattern that could be extracted from the 
correlation data set is that miRNAs in the larger cluster are highly correlated and are expressed at 
higher levels in the complex classes (Classes III and IV), as inferred from the expression dataset 
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compared to Class I, while the smaller cluster had more miRNAs expressed in Class I compared to 
other classes.  
 
Figure 3.12 miRNA correlation analysis 
         Heatmap representing correlation analysis of miRNA expression across the three classes 
of neurons. Yellow color represents positive correlation, whereas blue color represents negative 
correlation. 
 
                 We next wanted to understand, whether there were any other biological features common 
between these co-expressed miRNAs. Two most important factors common between miRNAs are 
whether they share the same host gene or whether they have the sequence similarity in the seed 
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sequence region. To investigate that further, we first looked at whether the correlated intragenic 
miRNAs have the same host gene. For all the microRNAs, we identified targets for using the 
IntramiRExploreR algorithm, we identified 10 miRNA clusters, i.e. miRNAs sharing the same Host 
gene. Out of those, we identified 4 major family of miRNAs with same host genes: miR-12/304 (Host 
Gene: Gmap), miR-2a/2b (Host Gene: spi), miR-11/998 (Host Gene: E2f1) and miR-79/306/9b/9c 
(Host Gene: grp), have a quite high positive correlation within the members, excepting the miR-
79/306/9b/9c group. While there is high positive correlation between miR-79 and miR-306 
(correlation coefficient (ρ)=0.99), miR-306 and miR-9c (ρ =0.78) and miR-79 and miR-9c (ρ =0.77), 
there is anti-correlation between miR-79 and miR-9b (ρ=-0.32) and miR-306 and miR-9b (ρ =-0.33), 
but a slight positive correlation between miR-9b and miR-9c (ρ=0.23). However, we observe a high 
correlation between miR-12 and miR-304 (ρ=0.87), miR-2a and miR-2b (ρ=0.98) and miR-11 and 
miR-998 (ρ=0.90). (Appendix Table B5) 
Next, we wanted to observe whether there was any sequence similarity between the co-
expressed group, we found 3 major group of genes, having sequence similarity. Using the 
pairwisealignment function in the Biostrings package, we found 9 pairs in the positively clustered 
group, to have at least 4 nucleotides common in their seed sequence.  We identified the K-box- 
miRNAs (miR-13b-2/miR-2a/miR-2b), in this list, which have high correlation between themselves. 
Out of the three miRNAs, miR-13b-2 is located on the host gene CG7033, miR-2a-1 and miR-2b-2 are 
located on the host gene spi. It has also been observed from previous studies that the K-box miRNA 
group regulates cell survival in D. melanogaster embryos by repressing three genes hid, grim and 
reaper, proapoptotic factors that control the caspase activity (Leaman et al., 2005).  Of the members, 
the correlation between miR-13b-2 and miR-2a is 0.99, while correlation with miR-13b and miR-2b is 
115 
 
0.98. Another significant pair was miR-995 and miR-998, with 5 out of 7 nucleotides in the seed 
sequence similar, and the pair has a correlation coefficient of 0.99 between them. 
3.3.7 miRNAs with similar sequence and/or same host genes, share common targets 
The next focus is on whether the miRNAs having similar biological features, as well as 
expression features in our tissue of interest, share target genes between them. As we use the 
biophysical properties of sequence complementarity between the miRNAs and the targets, we 
hypothesized that miRNAs sharing similar seed sequence would have more targets, compared to 
those that have less seed sequence similarity.  Using the algorithm, we identified for miRNAs in the 
same host gene, like miR-2a-1 and miR-2b-2, there are 1080 targets in common, out of 1180 targets 
for miR-2a-1 and 1300 targets for miR-2b-2, across the 2 platforms (Affy1 and Affy2) and the two 
statistical methods (Pearson and Distance) (Figure 3-13 a). In case of another family miR-11 and 
miR-998, the common targets are 151 targets, out of 560 targets predicted for miR-998 and 1125 
targets predicted for miR-11(Figure 3-13 b). The full list of miRNAs sharing same Host gene is in 
Appendix B3. 
For miRNAs sharing similar sequence, the more there is similarity between the seed 
sequences, the greater is the chance of them sharing similar targets, based on the biophysical 
databases. To verify that this also translated to statistical relationships between the targets and the 
corresponding miRNAs, we look at two pairs of miRNAs: miRNAs miR-995 and miR-998 and miR-
13b and miR-2a/2b, which are highly correlated based on their expression as well as they have 5 
nucleotides out of 7, common in their seed sequence. If we consider the target database predictions 
for these miRNAs, we observe that 882 targets are common between dme-miR-995 (920 targets 
predicted by union of TargetScan, Pita and Miranda; 96% common with dme-miR-998) and dme-miR-
998 (950 targets predicted by union of TargetScan, Pita and Miranda; 93% common with dme-miR-
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998), based solely on the biophysical properties.  Using the IntramiRExploreR tool we identified 463 
targets common between the two miRNAs out of 560 targets predicted by Intra-miR-ExploreR, for 
dme-miR-998 (approximately 82% of the targets are common with dme-miR-995) and 553 targets for 
dme-miR-995 (approximately 84% of the targets are common with dme-miR-998) (Figure 3-13 c).  
The number of targets predicted by Intra-miR-ExploreR was less than those predicted by the target 
databases, which was expected as not all biophysical targets are statistically related, but the 
percentage of targets common between the two miRNAs were quite high, even for the Intra-miR-
ExploreR target prediction algorithm.  
For the miR-13b-2 and miR-2a-1/miR-2b-2 cluster, part of the K-box group of miRNAs, there 
are 4 nucleotides similar between miR-13b-2 and miR-2a-1/2b-2 cluster. Intra-miR-ExploreR 
algorithm predicts 962 targets common between dme-miR-13b-2 (total targets predicted are 1310, 
common target percentage: ~73%) and dme-miR-2a-1 (total targets predicted are 1105, common 
target percentage: ~87%), whereas it predicts 1121 targets between dme-miR-13b-2 (total targets 
predicted are 1310, common target percentage:  ~86%) and dme-miR-2b-2 (total targets predicted are 
1300, common target percentage: ~86%). Also, there are 1080 targets common between dme-miR-2-
a-1 (total targets predicted are 1105, common target percentage: ~98%) and dme-miR-2b-2 (total 
targets predicted are 1300, common target percentage: ~83%) (Figure 3-13 d). 
 
Using the method described above, we corroborate our hypothesis that miRNAs sharing 
similar sequences and/or miRNAs that located within the same host gene share targets between them. 
For miRNAs sharing similar seed sequence it is also a confirmation that sharing similar biophysical 
components (seed sequences in this case), not only translates to higher number of common targets 
between the miRNAs based on the seed sequence, but also reveals that they share a higher number of 
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common targets based on statistical evaluation of transcriptomics data. In the case of miRNAs located 
within the same host gene, the host gene’s expression is used as a proxy for each of the intragenic 
miRNAs.  However, when one compares statistical relationship between the host gene and all other 
genes many of these will not necessarily be predicted miRNA biophysical targets.  By integrating the 
statistical correlation data with biophysical binding properties, one finds that that number of 
statistically related targets is dependent upon the similarity between the seed sequences of the 
miRNAs whereby the greater the similarity between seed sequences, the higher the number of targets 
are shared between the miRNAs.  
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Figure 3.13 miRNAs having similar sequence and/or same host genes share targets between them 
miRNAs having same Host genes have common targets between them. miRNAs miR-2a-1 
(Blue) and miR-2b-2 (Yellow) have the same host gene spi , and have 1080 targets common between 
them (Figure 3-13a). Similarly, miRNAs miR-11 (Blue) and miR-998 (Yellow) have the same host 
gene E2f1, and have 151 targets common between them (Figure 3-13b). miRNAs having similar 
seed sequence have common targets between them. miRNAs miR-995 (Blue) and miR-998 
(Yellow) have 5 nucleotides common in the seed sequence, and have 463 targets common between 
them (Figure 3-13 c). Similarly, miRNAs miR-13b-2 (Blue), miR-2a-1 (Yellow) and miR-2b-2 
(Green) have the 4 nucleotides common in the seed sequence, and have 962 targets common between 
dme-miR-13b-2 and miR-2a-1, 1121 targets common between dme-miR-13b-2 and dme-miR-2b-2, 
and 1080 targets common between dme-miR-2-a-1 and dme-miR-2b-2.  (Figure 3-13 d). 
 
 
3.3.8 K-box family miRNAs play a major role in regulation of dendrite pattern 
To further illustrate the effect of miRNAs having the same biophysical features and 
expression patterns, sharing similar biological functions, we looked at the K-box family of miRNAs 
(miR-13b-2/miR-2a-1/miR-2b-2) that share targets between them as illustrated above.  The K-box 
family of miRNAs constitutes the largest family in Drosophila (Lai et al., 2002). Multiple members 
of the K box family (which share the UGUGAU seed sequence) have been previously shown to 
inhibit Notch target genes (Lai et al., 1998b, Lai 2002 and Lai et al., 2005).  The K-box family of 
miRNAs comprises of miR-13b, miR-2a, miR-2b and miR-11. Quantile normalized microRNA 
microarray data reveals that, all the miRNAs in the group, except miR-11, show a similar pattern, 
expressing more in the complex da neuron classes (Class III and Class IV), compared to the simple 
Class I. miR-11 on the other hand showed the highest expression in Class IV, but had considerably 
lower expression in Class I and Class III.  Out of the 4 miRNAs in the group, the miRNAs miR-13b 
and the miR-2a/miR-2b family have similar expression pattern, as well as have high correlation 
between them, as per the correlation analysis of the expression values. These made them perfect 
candidates for further investigation. 
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The miRNA miR-13 in Drosophila has 3 isoforms - miR-13a, miR-13b-1 and miR-13b-2. Of 
these only miR-13b-2 is intragenic (Host gene: CCT2, Flybase ID: FBgn0030086), and we used it as 
a candidate for our further study. miR-2a-1, miR-2a-2 and miR-2b-2 are on the same host gene (Host 
gene: spi, Flybase ID: FBgn0005672). To investigate the effect of these miRNAs on the dendritic 
morphology of the da neurons, we performed a gain of function study on the simple Class I and the 
complex Class IV neurons. In class I it was observed that the overexpression of the miRNAs in Class 
I caused an increased branching density characterized by the de novo formation of many short and 
clustered branches proximal to the cell body, as compared to wild type Class I neurons (Figure 3-14 
a-d). Similarly, overexpression of the K box miRNAs in CIV neurons produced significant increases 
in branch density relative to controls (Figure 3.14 e-h) 
 
Figure 3.14 K-box miRNA overexpression shows enhancement in da neuron morphology 
 
K-box miRNA overexpression in Class I and IV show significant phenotype : 
Overexpression of individual miRNAs in the k-box miRNA family, in Class I (Figure 3-13 a-d), 
shows an increase in branch density in dme-miR-13b, dme-miR-2a and dme-miR-2b. Overexpression 
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of the individual miRNAs in the k-box family, in Class IV (Figure 3-13 e-h), shows an increase in 
branch density and increases complexity in Class IV. 
 
Although we identify that miRNAs with similar sequences and/or sharing the same host gene, 
also show similar phenotypic effect, we further wanted to investigate the mechanism by which they 
perform the same. To understand that we first found targets for these miRNAs using the Intra-miR-
ExploreR tool. As previously mentioned using the Intra-miR-ExploreR we identified 962 targets 
common between dme-miR-13b-2 and dme-miR-2a-1, whereas it predicts 1121 targets between dme-
miR-13b-2 and dme-miR-2b-2. For miR-2a-1 and miR-2b-2, miRNAs sharing the same host gene, we 
identify 1080 targets. Using the gene ontology method as described above and searching for 
cytoskeletal function and neuronal functionality we found two genes: noc and Tab2, which we 
investigated further (Figure 3-15 a, b).  
 
 
 
Figure 3.15 noc and Tab2  are targets of K-box miRNAs 
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K-box miRNA targets: Venn diagrams showing the common target for miR-13b-2 (blue), 
miR-2b-2 (green) and miR-2a-1 (yellow) (Figure 3-14 a). miRNAs targeting noc  and Tab2: All the 
K-box group of miRNAs targets noc and Tab2 (Figure 3-14 b). 
 
              The gene noc (Gene name: no ocelli, Flybase ID: FBgn0005771), is associated with a 
number of biological functions. Its primary function is associated with the development of the adult 
ocelli and embryonic head in Drosophila  (Cheah et al., 1994). The gene noc is predicted as a putative 
target of miR-13b-2, miR-2a-1 and miR-2b-2, by statistical analysis of both Affymetrix 1 and 
Affymetrix 2 platform.  In Affymetrix 1, it is predicted as a target for all the miRNA by the Distance 
method, whereas in Affymetrix 2 platform it is predicted as a putative target by the Pearson and 
Distance method for miR-13b-2 and by the Distance method for the rest of the miRNAs. The other 
target Tab2 (Gene Name: TAK1-associated binding protein 2; Flybase Gene ID: FBgn0086358), is a 
gene that encodes for a protein that has a ubiquitin binding domain (from Interpro database).  It has 
been previously associated with direction and position of dendritic growth Class I da neurons 
(Parrish, Kim, Jan, & Jan, 2006) and have also been associated with positive regulation of 
biosynthetic process of antibacterial peptides, which target gram-negative bacteria (Kleino et al., 
2005). Tab2 is a predicted putative target of miR-2a-1 and miR-2b-2 as per the Distance correlation 
method for Affymetrix Platform 1 and a target of miR-13b-2, miR-2a-1 and miR-2b-2, as per the 
Distance correlation method for Affymetrix platform 2. Both of these genes have previously been 
implicated in Class IV da neuron dendritic development. 
                    To test the hypothesis that noc and Tab2, are targets of the K-box group of miRNAs, we 
first performed phenotypic analyses followed by qPCR validations. As miR-2b, miR-2a and miR-13b 
overexpression in Class IV neurons leads to an increased branching density and formation of short 
clustered branching, we hypothesized that knockdown of putative target genes for these miRNAs may 
phenotypically mimic these changes in dendritic. Consistent with our hypothesis, vdaB and ddaC CIV 
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neurons expressing RNAi-mediated knockdown of noc (Figure 3-16 b) and Tab2 (Figure 3-16 c) 
show a mild to moderate increase in branch density (Figure 3-16 d) and reduction in average branch 
length (Figure 3-16 e), compared to Class IV wild type control neurons (Figure 3-16 a) which is 
consistent with the miR-2b, miR-2a and miR-13b overexpression phenotype in these neurons. To 
verify the miRNA-target relationship, we isolated Class IV neurons expressing miR-2b-SP or miR-
13b-SP transgenes and examined the normalized expression levels of noc and Tab2, in comparison to 
wild Type Class IV neurons. These analyses demonstrate that knockdown of miR-2b results in an 
upregulation of noc and Tab2 mRNA levels (Figure 3-16 f).  Knockdown of mature miR-13b levels 
causes an increase in the noc levels (Figure 3-16 f), indicating that in addition to common targets, K-
box family members may preferentially regulate certain targets, to modulate dendrite patterning. 
Although miR-2a overexpression shows similar phenotype with the putative targets, we are yet to 
perform a quantitative validation for the same. Thus, in this study, we present a logical strategy that 
allows us to capitalize on miRNA gain-of-function phenotypic screens followed by secondary target 
RNAi screening, for validating miRNA-target relationships that are mechanistically relevant to 
dendrite patterning.  
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Figure 3.16 K-box miRNA target Loss of function shows increase in complexity in Class IV 
neurons  
      
Loss of function of noc and tab2 show increase in complexity in Class IV neurons: 
Qualitative Validations (Figure 3.13 a-c): Quadrant images of Class IV Wild type (WT) (Figure 
3.13 a), noc RNAi and Tab2 IR, are shown here. The gene noc and Tab2 loss of function phenotype 
increases the complexity compared to Class IV wild type, which is similar to over expression of K-
box miRNAs. Quantitative Validation (Figure 3.13 d-e): Quantitative validation of branch density 
(Figure 3.13 d) and average length (Figure 3.13 e) shows significant change from the Wild type 
condition. T-test was performed. p-value < 0.05= *.  Quantitative PCR validation shows noc and 
Tab2 are targets of K-box miRNAs (Figure 3.13 e) Expression of noc and Tab2  are measured in a 
loss of function miR-2b and miR-13b background. Significant Increase in foldchange compared to 
control prove that noc is a target of both miR-2b and miR-13b, whereas Tab2 is a target of miR-2b 
only. Test performed t-test. p-value < 0.05= *.   
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3.4 Discussion  
3.4.1 Role of miRNA in disease condition and developement 
miRNAs have been associated with human diseases as diverse as cancers (Calin et al., 2002, 
2004; Valeri et al., 2010; Volinia et al., 2012) to viral diseases (Y. Li et al., 2010; Linnstaedt et al., 
2010; Randall et al., 2007)  to neurodegenerative diseases (J. Kim et al., 2007; Martins et al., 2011; 
Nunez-Iglesias et al., 2010; Xiao et al., 2009). MicroRNAs are suitable candidates for biomarker, as 
they play a significant role in major regulatory cascades, can be detected easily by genomic detection 
methods like RNA-Seq and microarray and even small miRNA expression can be detected using 
amplification followed by quantitative Polymerase Chain Reaction (qPCR) (Y. Li & Kowdley, 2012). 
As alteration of miRNA expression has been observed in viral diseases as well as cancer, therapeutic 
approaches to treat these diseases may be achieved by either downregulating miRNA overexpression 
by introducing complementary sequence to mature miRNAs (Czech, 2006; Fabani et al., 2010; J. B. 
Lee, Hong, Bonner, Poon, & Hammond, 2012)  or overexpression of miRNA, using a vector or 
transfecting the patient with double stranded miRNAs (Bader, 2012), in cases where miRNA is 
expressed in low amounts . Understanding the targets for microRNA thus is important, not only 
would it make it easier for us to understand the regulatory nature of the miRNA in the disease 
condition, it would ensure that we can also use model organisms like D.melanogaster, for trials of the 
therapeutic methods. 
               D.melanogaster, is used as a model organism primarily for two reasons: The D. 
melanogaster genome has been completely annotated and approximately 75% of all human disease 
genes have orthologs in Drososphila (Lloyd & Taylor, 2010; Udai Bhan Pandey & Nichols, 2011; 
Reiter, Potocki, Chien, Gribskov, & Bier, 2001c) . Studies of microRNAs in D. melanogaster has 
revealed their importance as regulators of numerous developmental functions, most prominently in 
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neuronal development. miR-124 regulate neuronal progenitor proliferation by targeting an inhibitor of 
neuroblast prolifieration, anachronism (ana) (Weng & Cohen, 2012), and regulates the five core 
components of the BMP signalling pathway, which regulates synaptic release at the NMJ (Sun et al., 
2012). In dendritic development, the bantam miRNA regulates the growth of Class IV da neurons by 
regulating the epithelial endoreplication (Jiang, Soba, Parker, Kim, & Parrish, 2014; Parrish, Xu, 
Kim, Jan, & Jan, 2009).  miR-9a plays a major role in dendrite growth by regulating the activity of 
the G protein coupled receptor Fmi, which suppresses the growth of dendrites (Y. Wang, Wang, Li, & 
Li, 2016). miR-9a and miR-7 also regulate development of sensory organs (Jafar-Nejad et al., 2003; 
X. Li, Cassidy, Reinke, Fischboeck, & Carthew, 2009; Nolo, Abbott, & Bellen, 2000). In adult flies 
miR-34 has been found to be involved in aging and neurodegeneration in Drosophila (Liu et al., 
2012). These aspects of Drosophila makes it an important model organism to understand microRNA 
regulations. 
3.4.2 Importance of using Host gene expression as a proxy for Intragenic miRNA 
Intragenic microRNAs and long non-coding RNAs (lncRNAs) are an essential component of 
microRNA study as they constitute approximately 70% of intragenic miRNAs, are inside the genomic 
region of other genes, out of which approximately 60% are in the region of protein coding genes. As 
probes are not yet available for lncRNAs, it is difficult to investigate the microRNA:target 
relationship, for miRNAs, inside the genomic region of lncRNAs. Positive correlation between 
miRNAs and their host mRNAs have been identified in humans using microarray done across 24 
different organs (Baskerville & Bartel, 2005b). This relationship has been used to construct a miRNA 
target database for human microRNAs, Hoctar, wherein the host gene expression is used as proxy for 
intragenic miRNA expression and statistical correlation method Pearson is used to find the anti-
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correlation between the host genes and the targets for the Intragenic miRNA they host (V. A. 
Gennarino et al., 2008; Vincenzo Alessandro Gennarino et al., 2011).  
There have been counter arguments to this point where in it has been showed using 4 different 
data sets in human that only 5-36% of miRNA host genes show interactions, and that Host gene 
expression cannot be directly used as a proxy for intragenic miRNAs (Biasiolo et al., 2011). There 
has been another argument, stating that intragenic miRNAs target their host gene, but their evidence 
is based on 6 Target prediction tools out of which only one bases its target prediction on gene 
expression, compared to other tools which base their prediction on biophysical interaction (L. Hinske, 
Galante, Kuo, & Ohno-Machado, 2010). The same study also shows a negative correlation between 
host genes for a given miRNA and their targets, in a normal tissue type. It has also been reported that 
evolutionarily conserved miRNAs have more chance of having a positive correlation with their host 
genes compared to the ones that are not evolutionary conserved (C. He et al., 2012).  Also there has 
been evidence that miR-92a/b targets its own host gene, jigr1, in neural stem cell development in 
Drosophila (Yuva-Aydemir et al., 2015). 
Due to these conflicting reports and as there is limited microRNA microarray available for 
Drosophila to perform a genome wide analysis between intragenic miRNA and its host gene, we 
favor the results of Baskerville et al., 2005 as it has been performed across a large and varied number 
of tissue/organ types. We acknowledge that the co-expression of host gene and its corresponding 
intragenic miRNAs can be tissue/organ specific, so to see similar pattern of negative expression 
between their host genes and putative targets across many tissue/organ, can guide us towards the 
direction of unearthing their true targets.  We have verified targets for 16 intragenic microRNAs from 
previous studies and identified 43 experimentally validated targets for the same (Supplementary 
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B4).  Also, our analysis has resulted into the discovery of 6 novel targets across three different 
intragenic miRNAs, thus providing us with more confidence on our method. 
3.4.3 IntraMirExploreR provides the user statistical and biologically significant targets 
For Intra-miR-ExploreR, we have used 2 different statistical methods a parametric Pearson 
and a non-parametric Distance correlation. While Pearson correlation looks at linear relationship 
between two variables, Distance correlation calculates the statistical dependence between 2 random 
variables. As we are looking at a large dataset, two different independent statistical methods, would 
provide us with more confidence in our final targets compared to using one method, as used by 
HOCTAR algorithm, which only considers Pearson Correlation as a measure of statistical 
relationship between the Host Gene and the Target Genes. Another factor that is different from 
HOCTAR analysis, is they only considered targets that appear only in the top 3% in each experiment 
analyzed. As the criteria is quite stringent, using this method, we might lose a lot of true putative 
targets for a given miRNA. Instead we use a threshold of Benjamini Hochberg adjusted value less 
than 0.05 (q<0.05) and consider pairs that appear in more than 75% of all experiments analyzed. This 
would provide us with more confidence with the putative targets, as they share statistical relationship 
across various experimental conditions and tissue types. 
Although there might be statistical correlation between a host gene and any other gene, in a 
given experiment, it might not amount to that gene being a target of a given intragenic miRNA, that is 
located in the intronic/exonic region of the host gene. To validate that the statistically significant 
target is also a true putative target, we employ the use of the biophysical interaction databases like 
TargetScan, PITA and miRanda to identify the putative targets. The scoring system employed takes 
into consideration and provides a target a higher score if it appears in multiple Target Databases 
compared to a single one. Also, the scoring system takes into consideration the conservation of the 
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seed sequence across multiple species, which is a very important criterion, as that would account to 
the fact that the miRNA would be able to regulate similar genes and control similar biological 
pathways across species. Another factor that is also considered as a part of the target prediction, is the 
number of sites on the 3’UTR of the mRNA to which the miRNA can bind to. This is an important 
measure as it would determine the efficiency of the miRNA:mRNA interactions. Finally, the 
probability of occurrence of the host gene: Target pair across experiments targets, provides us with 
the measure of the impact of the miRNA : Target, across different experimental and tissue conditions. 
Other than predicting targets for a given miRNA, the Intra-miR-ExploreR tool also provides 
the users with relevant information, pertaining to the miRNA and targets, that would guide them in 
choosing miRNAs for further biological validations. Other than the targets and the score previously 
mentioned, the user is also provided the mRNA and miRNA function, as well as the Experiment GEO 
IDs, to identify the tissue and/or experimental condition in which the targets are statistically 
correlated. The Gene Ontology function also allows the users to get functional annotation clusters as 
well as biological pathways in which the targets are involved.  
3.4.4 Ankyrin and widerborst: targets of miR-12 
Ankyrin 2 (Ank2), which is part of a major family of adaptor proteins that help in binding a 
number of proteins to the plasma membrane and the endoplasmic reticulum, especially the linking of 
spectrin-actin cytoskeletal machinery to the membrane (Bennett & Baines, 2001), was selected as a 
target to validate our prediction. Ankyrin 2 has been associated with number of functions in D. 
melanogaster, including axon guidance (Yamamoto, Ueda, Takahashi, Saigo, & Uemura, 2006a), 
sensory perception to pain (Neely et al., 2010), sensory perception of sound  (Senthilan et al., 2012) 
and short term memory loss(Z. Iqbal et al., 2013) . Ank2 also regulates the cytoskeleton machinery 
and the neuromuscular junction (NMJ) development in  D. melanogaster, which can be observed  by 
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Ank2 loss of function mutants causing a loss of NMJ  stability in larvae and a complete loss of 
synaptic microtubule cytoskeleton (Koch et al., 2008a).  In the da neurons, Ank2 regulates the Class I 
dendritic morphology, in association with cell surface protein Neuroglian (nrg) (Yamamoto, Ueda, 
Takahashi, Saigo, & Uemura, 2006b) and regulates the Class IV da neuron complexity under the 
effect of the Transcription Factor knot (kn) (Das et.al., 2017 in review). The RNAi phenotype of Ank2 
is quite similar to the overexpression phenotype of miR-12 in class IV, which is in accordance with 
the anti-correlation relationship of miRNA:mRNA interaction, and was also verified using qPCR 
results, which shows a negative fold change of Ank2 expression (FC< -1), in an overexpressed miR-
12 background, further strengthening our point .  
Widerborst (wdb), codes for one of the four proteins that comprises the B’ regulatory subunit 
of Protein Phosphatase 2A (PP2A) complex. Wdb has been implicated in D. melanogaster as a   
negative regulator of the Notch signaling pathway, as overexpression of the gene has been associated 
with bristle and wing defects, which are similar to those observed with mutation of the Notch gene 
(Bose, Majot, & Bidwai, 2014). Also, the same study revealed that wdb overexpression, rescues the 
defects caused by of E(spl) and Notch mutation in R8 photo receptor cells. Also, the gene has been 
associated with development of Drosophila wing hair, by promoting the PP2A subunit microtubule 
star (mts) (Hannus, Feiguin, Heisenberg, & Eaton, 2002). The transcription factor Cut (ct), has been 
found to be a positive regulator of wdb in the da neurons, and loss of function studies show that it 
causes collapse in the dendritic architecture in Class IV da neurons (Das et.al. 2017, in review). 
Although, genes coding for two other regulatory subunits of the PP2A complex twinstar (tws) and 
PP2A-B' are targets of dme-miR-12 and dme-miR-283, loss of function studies of the same in Class 
IV show that they do not have any effect on the dendritic architecture (Bhattacharjee et. al. 2017, in 
preparation). RNAi phenotype for wdb in Class IV was similar to that of miR-12 overexpression in 
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Class IV, which supports the hypothesis that miRNA and mRNA expression are anti-correlated. 
Quantitative RT-PCR (qRTPCR) to determine the expression of wdb in miR-12 over-expression 
background, revealed the gene to have significant negative fold change (F.C. < -1), further validating 
our hypothesis. 
As dme-miR-12, have targets that effect the dendritic morphology, it can be inferred that 
changes in expression of the miRNA, can cause disruption in the dendritic arborization. Other than its 
effect in the peripheral nervous system, miR-12 and miR-283, have been associated with disrupting 
the Hedgehog pathway, by down regulating the effect of cos, fu, and smo genes, in Drosophila wing 
imaginal disc development (Florence Friggi-Grelin, Lavenant-Staccini, & Therond, 2008). Other than 
identifying targets for miR-12, using this tool, we also found 43 targets for 16 miRNAs that were 
experimentally validated previously (Appendix B4). 
3.4.5 miRNAs having similar biophysical features show similar biological properties 
microRNAs play a major role in several major developmental mechanisms in Drosophila as 
well as some major human disease conditions, as previously mentioned. So, it is quite important to 
understand the biological significance of microRNAs having similar biological features. As it has 
been illustrated before clusters of miRNAs having similar seed sequences have similar regulation 
pattern (Guo et al., 2014), we wanted to understand in more details whether similar biophysical 
properties like sharing same host gene and/ or similar seed sequence have any effect on the biological 
function. We identified that miRNAs having similar biophysical properties have quite similar 
expression pattern in Drosophila peripheral nervous system. A correlation study revealed 2 distinct 
clusters and each of these 2 clusters exhibited distinct expression pattern across the three classes. The 
larger cluster which had most of the miRNAs sharing similar seed sequence and/or same host gene, 
had more expression in the complex classes compared to the simple class I. As our focus is on 
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molecules responsible for the complex dendritic architecture, we investigated the biological 
properties imparted by miRNAs in the bigger cluster compared to the smaller one. 
Using the parameters of seed sequence similarity and miRNAs sharing similar host genes, we 
identified K-box miRNA group to investigate further. Another group of miRNA:  miR-995 and miR-
998/miR-11, were also considered, as miR-995 and miR-998 share similar seed sequence and miR-998 
and miR-11 share same host gene, but gain of function and loss of function study in class IV neurons 
did not show any significant phenotype for the group. The K-box miRNAs, miR-13b and miR-
2a/miR-2b, were considered for further phenotypic validation as, they showed similar expression 
pattern, i.e. more expression in Class III and Class IV compared to Class I from the microarray 
analysis and over-expression (Gain of function study) of these miRNAs in Class I and Class IV, 
exhibited significant phenotype compared to the control, i.e. they made the branch density more 
complex, when compared to the Class I and Class IV wild types.  
To understand the biological function of K-box miRNAs, we first identified targets using 
Intra-miR-ExploreR algorithm. Using the algorithm, we identified 2 targets: noc and Tab2, two genes 
having cytoskeletal and neuronal functionality, as per DAVID functional clustering method. noc has 
been associated with various developmental functionalities like ocellus development (Cheah et al., 
1994), leg disc development (Weihe, Dorfman, Wernet, Cohen, & Milán, 2004), wing disc 
development (Weihe et al., 2004), open tracheal development (Dorfman, Glazer, Weihe, Wernet, & 
Shilo, 2002) and head development in embryo (Cheah et al., 1994). Tab2 on the other hand, has been 
associated with functions like positive regulation of defense mechanisms against bacteria (Kleino et 
al., 2005) and virus (Avadhanula, Weasner, Hardy, Kumar, & Hardy, 2009). It has also been 
associated as a factor in determining the effect of position and direction of dendrites in Class I 
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neurons (Parrish et al., 2006).   None of these, mRNAs have been associated with the complex da 
neuron architecture in previous studies.  
As the K-box miRNA overexpression in Class IV revealed that they are enhancers of 
complexity, it can be inferred that they target and downregulate genes, which positively regulate the 
complexity of class III and Class IV neurons. Thus, to investigate whether noc and Tab2 are targets of 
the K-box miRNAs or not we performed a loss of function study of both these genes in Class IV 
background, which revealed that knock down of both these genes revealed increase in branch density.  
As miRNAs and mRNAs have an anti-correlation, it can be hypothesized that target gene   
expression will increase in miRNA knockdown background. Quantitative PCR (qPCR) study of 
expression of both these genes in a miR-13b and miR-2b, knockdown background, revealed that noc 
expression was significantly increased for miR-2b and miR-13b, while Tab2 expression significantly 
expressed for only miR-2b knockdown background, but not miR-13b. We can thus infer that noc is a 
target for both miR-13b and miR-2b, whereas Tab2 is a target for miR-2b only. Although we verified 
that Tab2 and noc loss of function share similar phenotype as miR-2a overexpression, we need to 
validate the same using qPCR method. 
3.4.6 Conclusion and Future directions 
To investigate the effect of post transcriptional gene regulatory mechanisms governed by 
miRNAs, we utilized an integrative approach of using expression and biophysical properties, to 
identify targets for miRNAs. We identified targets for intragenic miRNAs, by using their host gene 
expression to identify statistically significant targets based on expression and combining the results 
with biophysical targets predicted by the target databases. We developed a R based command line 
tool based on this method. Due to the limited knowledge, we have of the miRNA interactions in flies, 
our tool would help in making a more focused analysis in selecting targets for a given microRNA. 
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Using experimental validations, we have identified 5 targets for 2 clusters of miRNAs, and also 
identified 43 targets for 16 miRNAs, that were previously validated in literature. We have also 
identified miRNAs sharing similar biophysical properties like seed sequence and same host genes, 
can affect the same biological functions. As we have identified targets for miRNA in D.melanogaster, 
at a global level, more phenotypic validations of the targets other than those involved in dendritic 
functionalities needs to be performed to measure the efficiency of the tool.  
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Appendix A 
Appendix A.1 Differentially expressed targets for Cut 
 
 
FBID_KEY NAME SYMBOL 
FBgn0010100 Aconitase Acon 
FBgn0002863 Accessory gland protein 95EF Acp95EF 
FBgn0000043 Actin 42A Act42A 
FBgn0000042 Actin 5C Act5C 
FBgn0000046 Actin 87E Act87E 
FBgn0000055 Alcohol dehydrogenase Adh 
FBgn0262739 Argonaute-1 AGO1 
FBgn0087035 Argonaute 2 AGO2 
FBgn0028962 Alanyl-tRNA synthetase, mitochondrial AlaRS-m 
FBgn0086361 alphabet alph 
FBgn0259170 alpha-Mannosidase class I a alpha-Man-Ia 
FBgn0011740 alpha-Mannosidase class II a alpha-Man-IIa 
FBgn0026616 alpha-Mannosidase class II b alpha-Man-IIb 
FBgn0038535 aluminum tubes alt 
FBgn0011747 Ankyrin Ank 
FBgn0043012 Adaptor Protein complex 2, sigma 
subunit 
AP-2sigma 
FBgn0015589 APC-like Apc 
FBgn0026598 Adenomatous polyposis coli 2 Apc2 
FBgn0026150 Aminopeptidase P ApepP 
FBgn0031458 anterior pharynx defective 1 aph-1 
FBgn0036111 Aps Aps 
FBgn0013749 ADP ribosylation factor at 102F Arf102F 
FBgn0013750 ADP ribosylation factor at 51F Arf51F 
FBgn0010348 ADP ribosylation factor at 79F Arf79F 
FBgn0004908 ADP ribosylation factor-like 2 Arl2 
FBgn0000117 armadillo arm 
FBgn0011745 Actin-related protein 1 Arp1 
FBgn0032859 Actin-related protein 2/3 complex, 
subunit 2 
Arpc2 
FBgn0000119 arrow arr 
FBgn0000140 abnormal spindle asp 
FBgn0025720 Ate1 Ate1 
FBgn0028550 Activating transcription factor 3 Atf3 
FBgn0052672 Autophagy-related 8a Atg8a 
FBgn0039213 atlastin atl 
FBgn0010433 atonal ato 
FBgn0002921 Na pump alpha subunit Atpalpha 
FBgn0020235 ATP synthase, gamma subunit ATPsyngamma 
FBgn0028342 ATP synthase, delta subunit ATPsyndelta  
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FBgn0041188 Ataxin-2 Atx2 
FBgn0000150 abnormal wing discs awd 
FBgn0025716 Brahma associated protein 55kD Bap55 
FBgn0260857 Blocked early in transport 1 Bet1 
FBgn0250788 beta Spectrin beta-Spec 
FBgn0000181 bicaudal bic 
FBgn0000183 Bicaudal D BicD 
FBgn0085284 Biogenesis of lysosome-related 
organelles complex 1, subunit 3 
Blos3 
FBgn0036105 Biogenesis of lysosome-related 
organelles complex 1, subunit 4 
Blos4 
FBgn0283451 broad br 
FBgn0024250 brinker brk 
FBgn0000114 bruno 1 bru1 
FBgn0262475 bruno 2 bru2 
FBgn0264001 bruno 3 bru3 
FBgn0261822 Basigin Bsg 
FBgn0000229 basket bsk 
FBgn0005666 bent bt 
FBgn0003502 Btk family kinase at 29A Btk29A 
FBgn0011723 brachyenteron byn 
FBgn0259228 C3G guanyl-nucleotide exchange factor C3G 
FBgn0263111 cacophony cac 
FBgn0000250 cactus cact 
FBgn0038247 Cadherin 88C Cad88C 
FBgn0022800 Cadherin 96Ca Cad96Ca 
FBgn0039709 Cadherin 99C Cad99C 
FBgn0005585 Calreticulin Calr 
FBgn0039928 Calsyntenin-1 Cals 
FBgn0000253 Calmodulin Cam 
FBgn0015614 Calcineurin B2 CanB2 
FBgn0037100 Capability receptor CapaR 
FBgn0000257 carnation car 
FBgn0026144 sarcoplasmic calcium-binding protein CBP 
FBgn0022943 cap binding protein 20 Cbp20 
FBgn0043364 cabut cbt 
FBgn0038199 CCHamide-1 CCHa1 
FBgn0038147 CCHamide-2 CCHa2 
FBgn0259231 Cholecystokinin-like receptor at 17D1 CCKLR-17D1 
FBgn0010341 Cdc42 Cdc42 
FBgn0004106 Cyclin-dependent kinase 1 Cdk1 
FBgn0035720 - CG10077 
FBgn0039094 - CG10184 
FBgn0034654 - CG10306 
FBgn0038453 - CG10326 
FBgn0032805 - CG10337 
FBgn0030349 - CG10353 
FBgn0036848 - CG10424 
FBgn0032746 - CG10470 
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FBgn0034583 - CG10527 
FBgn0040992 - CG10570 
FBgn0035630 - CG10576 
FBgn0032727 - CG10623 
FBgn0035586 - CG10671 
FBgn0034312 - CG10916 
FBgn0037228 - CG1092 
FBgn0034204 - CG10953 
FBgn0031741 - CG11034 
FBgn0030035 - CG11190 
FBgn0037186 - CG11241 
FBgn0037115 - CG11249 
FBgn0037108 - CG11306 
FBgn0035550 - CG11349 
FBgn0031217 - CG11377 
FBgn0035300 - CG1139 
FBgn0035359 - CG1143 
FBgn0035397 - CG11486 
FBgn0036264 - CG11529 
FBgn0039868 - CG11563 
FBgn0033028 - CG11665 
FBgn0036099 - CG11811 
FBgn0030495 - CG11816 
FBgn0014427 - CG11899 
FBgn0035444 - CG12012 
FBgn0039831 - CG12054 
FBgn0030052 - CG12065 
FBgn0035232 - CG12099 
FBgn0038577 - CG12321 
FBgn0030596 - CG12398 
FBgn0030586 - CG12539 
FBgn0040942 - CG12643 
FBgn0039544 - CG12877 
FBgn0032156 - CG13124 
FBgn0033579 - CG13229 
FBgn0032614 - CG13284 
FBgn0035677 - CG13293 
FBgn0033884 - CG13344 
FBgn0261446 - CG13377 
FBgn0034723 - CG13506 
FBgn0039202 - CG13622 
FBgn0035844 - CG13676 
FBgn0030539 - CG1368 
FBgn0035582 - CG13705 
FBgn0038959 - CG13856 
FBgn0031770 - CG13995 
FBgn0040817 - CG14132 
FBgn0031061 - CG14232 
FBgn0039482 - CG14258 
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FBgn0038207 - CG14356 
FBgn0038170 - CG14367 
FBgn0029639 - CG14419 
FBgn0029911 - CG14435 
FBgn0029851 - CG14445 
FBgn0037340 - CG14671 
FBgn0037835 - CG14687 
FBgn0025393 - CG14795 
FBgn0026088 - CG14818 
FBgn0035755 - CG14830 
FBgn0038451 - CG14893 
FBgn0034394 - CG15096 
FBgn0034396 - CG15097 
FBgn0037461 - CG15177 
FBgn0030261 - CG15203 
FBgn0040843 - CG15213 
FBgn0028886 - CG15279 
FBgn0028855 - CG15282 
FBgn0283728 - CG31600 
FBgn0260224 - CG42498 
FBgn0260763 - CG42561 
FBgn0260764 - CG42562 
FBgn0264449 - CG43867 
FBgn0266435 - CG45065 
FBgn0284230 - CG46314 
FBgn0038471 - CG5220 
FBgn0034270 - CG6401 
FBgn0030706 - CG8909 
FBgn0030598 - CG9503 
FBgn0030594 - CG9509 
FBgn0030592 - CG9514 
FBgn0030590 - CG9518 
FBgn0030589 - CG9519 
FBgn0030588 - CG9521 
FBgn0030587 - CG9522 
FBgn0000319 Clathrin heavy chain Chc 
FBgn0045761 CHKov1 CHKov1 
FBgn0036165 charybde chrb 
FBgn0250907 Chitinase 10 Cht10 
FBgn0022702 Chitinase 2 Cht2 
FBgn0033972 Ciao1 Ciao1 
FBgn0033313 Calcium-independent receptor for alpha-
latrotoxin 
Cirl 
FBgn0062442 CDGSH iron sulfur domain 2 Cisd2 
FBgn0000317 crinkled ck 
FBgn0015024 Casein kinase Ialpha CkIalpha 
FBgn0000259 Casein kinase II beta subunit CkIIbeta 
FBgn0024814 Clathrin light chain Clc 
FBgn0053696 CNMamide Receptor CNMaR 
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FBgn0015622 Calnexin 99A Cnx99A 
FBgn0265935 coro coro 
FBgn0031066 Cytochrome c oxidase subunit 6B COX6B 
FBgn0013770 Cysteine proteinase-1 Cp1 
FBgn0034577 capping protein alpha cpa 
FBgn0033942 Cuticular protein 51A Cpr51A 
FBgn0029811 Cuticular protein 5C Cpr5C 
FBgn0050163 Cuticular protein 60D Cpr60D 
FBgn0042119 Cuticular protein 65Au Cpr65Au 
FBgn0052405 Cuticular protein 65Av Cpr65Av 
FBgn0035985 Cuticular protein 67B Cpr67B 
FBgn0036108 Cuticular protein 67Fa1 Cpr67Fa1 
FBgn0036109 Cuticular protein 67Fa2 Cpr67Fa2 
FBgn0037069 Cuticular protein 78Cc Cpr78Cc 
FBgn0037114 Cuticular protein 78E Cpr78E 
FBgn0038819 Cuticular protein 92F Cpr92F 
FBgn0000370 cryptocephal crc 
FBgn0004396 Cyclic-AMP response element binding 
protein A 
CrebA 
FBgn0025680 cryptochrome cry 
FBgn0013767 Corazonin Crz 
FBgn0004179 Cysteine string protein Csp 
FBgn0020496 C-terminal Binding Protein CtBP 
FBgn0011760 cut up ctp 
FBgn0015509 Cullin 1 Cul1 
FBgn0000394 crossveinless cv 
FBgn0010382 Cyclin E CycE 
FBgn0004432 Cyclophilin 1 Cyp1 
FBgn0010383 Cytochrome P450-18a1 Cyp18a1 
FBgn0001992 Cyp303a1 Cyp303a1 
FBgn0038095 Cyp304a1 Cyp304a1 
FBgn0036910 Cyp305a1 Cyp305a1 
FBgn0015040 Cytochrome P450-9c1 Cyp9c1 
FBgn0004629 Cystatin-like Cys 
FBgn0264294 Cytochrome b5 Cyt-b5 
FBgn0005677 dachshund dac 
FBgn0028833 Dak1 Dak1 
FBgn0263930 division abnormally delayed dally 
FBgn0020305 dribble dbe 
FBgn0040230 diablo dbo 
FBgn0000422 Dopa decarboxylase Ddc 
FBgn0086687 Desaturase 1 Desat1 
FBgn0022893 Decondensation factor 31 Df31 
FBgn0023091 dimmed dimm 
FBgn0000454 Dipeptidase B Dip-B 
FBgn0001624 discs large 1 dlg1 
FBgn0041604 dally-like dlp 
FBgn0263600 DNA-polymerase-delta DNApol-delta 
FBgn0037554 DNApol-iota DNApol-iota 
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FBgn0022338 deoxyribonucleoside kinase dnk 
FBgn0028789 Dorsocross1 Doc1 
FBgn0035956 Dorsocross2 Doc2 
FBgn0035954 Dorsocross3 Doc3 
FBgn0011763 DP transcription factor Dp 
FBgn0000490 decapentaplegic dpp 
FBgn0037580 Dipeptidyl aminopeptidase III DppIII 
FBgn0020304 drongo drongo 
FBgn0283461 Drosomycin Drs 
FBgn0039528 distracted dsd 
FBgn0002733 Enhancer of split mbeta, helix-loop-helix E(spl)mbeta-
HLH 
FBgn0002735 Enhancer of split mgamma, helix-loop-
helix 
E(spl)mgamma-
HLH 
FBgn0027066 Eb1 Eb1 
FBgn0000546 Ecdysone receptor EcR 
FBgn0023511 ER degradation enhancer, mannosidase 
alpha-like 1 
Edem1 
FBgn0284245 Elongation factor 1alpha48D Ef1alpha48D 
FBgn0000559 Elongation factor 2 EF2 
FBgn0034487 EFHC1 homologue 2 Efhc1.2 
FBgn0086908 eggless egg 
FBgn0039726 eIF2B-alpha eIF2B-alpha 
FBgn0034258 eIF3-S8 eIF3-S8 
FBgn0001942 Eukaryotic initiation factor 4a eIF-4a 
FBgn0037573 eIF4AIII eIF4AIII 
FBgn0020660 Eukaryotic initiation factor 4B eIF-4B 
FBgn0015218 Eukaryotic initiation factor 4E eIF-4E 
FBgn0023213 eukaryotic translation initiation factor 4G eIF4G 
FBgn0034967 eIF-5A eIF-5A 
FBgn0026259 eIF5B eIF5B 
FBgn0000565 Ecdysone-induced protein 28/29kD Eip71CD 
FBgn0266711 Elongin C EloC 
FBgn0020497 embargoed emb 
FBgn0000575 extra macrochaetae emc 
FBgn0000579 Enolase Eno 
FBgn0264693 ensconsin ens 
FBgn0036974 eukaryotic release factor 1 eRF1 
FBgn0033663 ERp60 ERp60 
FBgn0033465 Electron transfer flavoprotein-ubiquinone 
oxidoreductase 
Etf-QO 
FBgn0038874 ETHR ETHR 
FBgn0000606 even skipped eve 
FBgn0000611 extradenticle exd 
FBgn0000625 eyegone eyg 
FBgn0042627 Fatty acid synthase 2 FASN2 
FBgn0267828 Fatty acid (long chain) transport protein Fatp 
FBgn0026721 fat-spondin fat-spondin 
FBgn0266451 fau fau 
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FBgn0014163 failed axon connections fax 
FBgn0011205 fumble fbl 
FBgn0032820 fructose-1,6-bisphosphatase fbp 
FBgn0000640 Fat body protein 2 Fbp2 
FBgn0266268 Ferrochelatase FeCH 
FBgn0000723 FER tyrosine kinase FER 
FBgn0015222 Ferritin 1 heavy chain homologue Fer1HCH 
FBgn0029174 FK506-binding protein FKBP59 FKBP59 
FBgn0024754 Flotillin 1 Flo1 
FBgn0264078 Flotillin 2 Flo2 
FBgn0035385 FMRFamide Receptor FMRFaR 
FBgn0263773 fledgling of Klp38B fok 
FBgn0023083 frayed fray 
FBgn0035612 farmer frm 
FBgn0016081 furry fry 
FBgn0001075 fat ft 
FBgn0001077 fushi tarazu ftz 
FBgn0001079 fused fu 
FBgn0030327 alpha1,6-fucosyltransferase FucT6 
FBgn0036485 FucTA FucTA 
FBgn0032117 FucTB FucTB 
FBgn0023441 fusilli fus 
FBgn0001085 frizzled fz 
FBgn0016797 frizzled 2 fz2 
FBgn0027343 frizzled 3 fz3 
FBgn0027342 frizzled 4 fz4 
FBgn0040372 G9a G9a 
FBgn0031213 galectin galectin 
FBgn0034025 GalNAc-T1 GalNAc-T1 
FBgn0001104 G protein alpha i subunit Galphai 
FBgn0001092 Glyceraldehyde 3 phosphate 
dehydrogenase 2 
Gapdh2 
FBgn0024234 glass bottom boat gbb 
FBgn0001105 G protein beta-subunit 13F Gbeta13F 
FBgn0040319 Glutamate-cysteine ligase catalytic 
subunit 
Gclc 
FBgn0001098 Glutamate dehydrogenase Gdh 
FBgn0033081 geminin geminin 
FBgn0027341 Glutamine:fructose-6-phosphate 
aminotransferase 1 
Gfat1 
FBgn0034372 GDI interacting protein 3 Gint3 
FBgn0036144 GlcAT-P GlcAT-P 
FBgn0024963 GluClalpha GluClalpha 
FBgn0265191 Glycogenin Glycogenin 
FBgn0031661 GDP-mannose 4,6-dehydratase Gmd 
FBgn0039188 Golgin-84 Golgin84 
FBgn0013272 Gp150 Gp150 
FBgn0266580 Glycoprotein 210 kDa Gp210 
FBgn0063368 Glycoprotein hormone beta 5 Gpb5 
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FBgn0261988 G protein-coupled receptor kinase 2 Gprk2 
FBgn0040493 granny smith grsm 
FBgn0001145 Glutamine synthetase 2 Gs2 
FBgn0034335 Glutathione S transferase E1 GstE1 
FBgn0063497 Glutathione S transferase E3 GstE3 
FBgn0051992 gawky gw 
FBgn0016660 H15 H15 
FBgn0032209 Hand Hand 
FBgn0001197 Histone H2A variant His2Av 
FBgn0037950 Histamine-gated chloride channel subunit 
1 
HisCl1 
FBgn0022740 HLH54F HLH54F 
FBgn0004362 High mobility group protein D HmgD 
FBgn0010228 HMG protein Z HmgZ 
FBgn0029167 Hemolectin Hml 
FBgn0015737 Hemomucin Hmu 
FBgn0025777 homer homer 
FBgn0004864 hopscotch hop 
FBgn0264491 held out wings how 
FBgn0264785 HIF prolyl hydroxylase Hph 
FBgn0004838 Heterogeneous nuclear ribonucleoprotein 
at 27C 
Hrb27C 
FBgn0004237 Heterogeneous nuclear ribonucleoprotein 
at 87F 
Hrb87F 
FBgn0001215 Heterogeneous nuclear ribonucleoprotein 
at 98DE 
Hrb98DE 
FBgn0001218 Heat shock 70-kDa protein cognate 3 Hsc70-3 
FBgn0266599 Heat shock protein cognate 4 Hsc70-4 
FBgn0001222 Heat shock factor Hsf 
FBgn0001224 Heat shock protein 23 Hsp23 
FBgn0001225 Heat shock protein 26 Hsp26 
FBgn0001226 Heat shock protein 27 Hsp27 
FBgn0001229 Heat shock gene 67Bc Hsp67Bc 
FBgn0013275 Heat-shock-protein-70Aa Hsp70Aa 
FBgn0013276 Heat-shock-protein-70Ab Hsp70Ab 
FBgn0013277 Heat-shock-protein-70Ba Hsp70Ba 
FBgn0013278 Heat-shock-protein-70Bb Hsp70Bb 
FBgn0051354 Hsp70Bbb Hsp70Bbb 
FBgn0013279 Heat-shock-protein-70Bc Hsp70Bc 
FBgn0001233 Heat shock protein 83 Hsp83 
FBgn0001235 homothorax hth 
FBgn0010389 heartless htl 
FBgn0263391 hu li tai shao hts 
FBgn0033968 hase und igel hui 
FBgn0033382 alpha/beta hydrolase 1 Hydr1 
FBgn0031128 hydra hydra 
FBgn0028429 Inhibitor-2 I-2 
FBgn0037050 ICA69 ICA69 
FBgn0001248 Isocitrate dehydrogenase Idh 
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FBgn0263397 I[[h]] channel Ih 
FBgn0086657 I-kappaB kinase epsilon IKKepsilon 
FBgn0034328 Immune induced molecule 23 IM23 
FBgn0001257 Ecdysone-inducible gene L2 ImpL2 
FBgn0036816 I'm not dead yet Indy 
FBgn0025885 Inos Inos 
FBgn0027108 Innexin 2 Inx2 
FBgn0265274 Innexin 3 Inx3 
FBgn0030989 Innexin 5 Inx5 
FBgn0027107 Innexin 6 Inx6 
FBgn0027106 Innexin 7 Inx7 
FBgn0032147 Inositol 1,4,5-triphosphate kinase 1 IP3K1 
FBgn0031305 Iris Iris 
FBgn0011225 jaguar jar 
FBgn0001291 Jun-related antigen Jra 
FBgn0051363 Jupiter Jupiter 
FBgn0027596 Kank Kank 
FBgn0027338 karyopherin alpha3 Kap-alpha3 
FBgn0030334 Karl Karl 
FBgn0087013 Karyopherin beta 3 Karybeta3 
FBgn0040208 Katanin 60 Kat60 
FBgn0001297 kayak kay 
FBgn0267330 KDEL receptor KdelR 
FBgn0001301 kelch kel 
FBgn0001311 krotzkopf verkehrt kkv 
FBgn0011606 Kinesin-like protein at 3A Klp3A 
FBgn0250753 krasavietz kra 
FBgn0028336 lethal (1) G0255 l(1)G0255 
FBgn0028327 lethal (1) G0320 l(1)G0320 
FBgn0028325 lethal (1) G0334 l(1)G0334 
FBgn0002440 lethal (3) malignant blood neoplasm l(3)mbn 
FBgn0002522 labial lab 
FBgn0002525 Lamin Lam 
FBgn0010397 Lamin C LamC 
FBgn0002526 Laminin A LanA 
FBgn0267348 Laminin B2 LanB2 
FBgn0016032 late bloomer lbm 
FBgn0002533 Larval cuticle protein 2 Lcp2 
FBgn0002534 Larval cuticle protein 3 Lcp3 
FBgn0002535 Larval cuticle protein 4 Lcp4 
FBgn0020643 Lcp65Ab2 Lcp65Ab2 
FBgn0086611 Larval cuticle protein Lcp65Ag3 
FBgn0039907 legless lgs 
FBgn0020279 lingerer lig 
FBgn0261565 Limpet Lmpt 
FBgn0283521 longitudinals lacking lola 
FBgn0263594 lost lost 
FBgn0053087 LDL receptor protein 1 LRP1 
FBgn0002562 Larval serum protein 1 alpha Lsp1alpha 
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FBgn0002566 light lt 
FBgn0037546 muscarinic Acetylcholine Receptor, B-
type 
mAChR-B 
FBgn0034534 maf-S maf-S 
FBgn0002736 mago nashi mago 
FBgn0013987 MAP kinase activated protein-kinase-2 MAPk-Ak2 
FBgn0029870 Mitochondrial assembly regulatory factor Marf 
FBgn0015513 myoblast city mbc 
FBgn0027950 Methyl-CpG binding domain protein-like MBD-like 
FBgn0038016 MBD-R2 MBD-R2 
FBgn0037262 Mediator complex subunit 31 MED31 
FBgn0260401 Mediator complex subunit 9 MED9 
FBgn0002719 Malic enzyme Men 
FBgn0043070 Misexpression suppressor of KSR 2 MESK2 
FBgn0034392 Major Facilitator Superfamily 
Transporter 15 
MFS15 
FBgn0261260 Megalin mgl 
FBgn0264695 Myosin heavy chain Mhc 
FBgn0262519 Mi-2 Mi-2 
FBgn0036333 MICAL-like MICAL-like 
FBgn0035889 monkey king protein mkg-p 
FBgn0002772 Myosin alkali light chain 1 Mlc1 
FBgn0002773 Myosin light chain 2 Mlc2 
FBgn0014863 Muscle LIM protein at 84B Mlp84B 
FBgn0033438 Matrix metalloproteinase 2 Mmp2 
FBgn0259168 minibrain mnb 
FBgn0051217 modular serine protease modSP 
FBgn0011661 Moesin Moe 
FBgn0086711 moladietz mol 
FBgn0044511 mitochondrial ribosomal protein S21 mRpS21 
FBgn0044510 mitochondrial ribosomal protein S5 mRpS5 
FBgn0011581 Myosuppressin Ms 
FBgn0026252 moleskin msk 
FBgn0015766 Msr-110 Msr-110 
FBgn0264002 Myosuppressin receptor 2 MsR2 
FBgn0013576 mustard mtd 
FBgn0028956 methuselah-like 3 mthl3 
FBgn0004177 microtubule star mts 
FBgn0010438 mitochondrial single stranded DNA-
binding protein 
mtSSB 
FBgn0002887 mutagen-sensitive 201 mus201 
FBgn0002914 Myb oncogene-like Myb 
FBgn0262656 Myc Myc 
FBgn0033402 Myd88 Myd88 
FBgn0086347 Myosin 31DF Myo31DF 
FBgn0010246 Myosin 61F Myo61F 
FBgn0010488 NAT1 NAT1 
FBgn0017566 NADH dehydrogenase (ubiquinone) 75 
kDa subunit 
ND-75 
176 
 
FBgn0011361 NADH dehydrogenase (ubiquinone) acyl 
carrier protein 
ND-ACP 
FBgn0034645 NADH dehydrogenase (ubiquinone) B12 
subunit 
ND-B12 
FBgn0083167 Neb-cGP Neb-cGP 
FBgn0027570 Neprilysin 2 Nep2 
FBgn0032848 nessun dorma nesd 
FBgn0015773 Netrin-A NetA 
FBgn0036101 Ninjurin A NijA 
FBgn0002938 neither inactivation nor afterpotential C ninaC 
FBgn0002940 neither inactivation nor afterpotential E ninaE 
FBgn0030724 Nipsnap Nipsnap 
FBgn0010222 NAD-dependent 
methylenetetrahydrofolate 
dehydrogenase 
Nmdmc 
FBgn0035370 Novel nucleolar protein 2 Non2 
FBgn0263968 no-on-and-no-off transient C nonC 
FBgn0085436 Not1 Not1 
FBgn0027109 neuropeptide F NPF 
FBgn0264975 Neuroglian Nrg 
FBgn0262509 neuromusculin nrm 
FBgn0015776 nervana 1 nrv1 
FBgn0032946 nervana 3 nrv3 
FBgn0032680 Nuclear transport factor-2-related Ntf-2r 
FBgn0024947 NTPase NTPase 
FBgn0021768 nudC nudC 
FBgn0013718 nuclear fallout nuf 
FBgn0038722 Nucleoporin 58kD Nup58 
FBgn0016687 Nucleosome remodeling factor - 38kD Nurf-38 
FBgn0036640 nuclear RNA export factor 2 nxf2 
FBgn0036732 Organic anion transporting polypeptide 
74D 
Oatp74D 
FBgn0034468 Odorant-binding protein 56a Obp56a 
FBgn0031097 obstructor-A obst-A 
FBgn0014184 Ornithine decarboxylase antizyme Oda 
FBgn0004646 optic ganglion reduced ogre 
FBgn0021767 optomotor-blind-related-gene-1 org-1 
FBgn0003011 ora transientless ort 
FBgn0020626 Oxysterol binding protein Osbp 
FBgn0003015 oskar osk 
FBgn0011336 Oligosaccharyl transferase 3 OstStt3 
FBgn0024846 p38b MAP kinase p38b 
FBgn0039044 p53 p53 
FBgn0265297 poly(A) binding protein pAbp 
FBgn0026192 par-6 par-6 
FBgn0010247 Poly-(ADP-ribose) polymerase Parp 
FBgn0041789 Paxillin Pax 
FBgn0027580 Pyruvate carboxylase PCB 
FBgn0024841 pterin-4a-carbinolamine dehydratase Pcd 
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FBgn0264962 Protein 1 of cleavage and 
polyadenylation factor 1 
Pcf11 
FBgn0085370 Phosphodiesterase 11 Pde11 
FBgn0032482 Phosphoethanolamine 
cytidylyltransferase 
Pect 
FBgn0031776 Prefoldin 1 Pfdn1 
FBgn0010741 Prefoldin 2 Pfdn2 
FBgn0003074 Phosphoglucose isomerase Pgi 
FBgn0035975 Peptidoglycan recognition protein LA PGRP-LA 
FBgn0035976 Peptidoglycan recognition protein LC PGRP-LC 
FBgn0030310 Peptidoglycan recognition protein SA PGRP-SA 
FBgn0035806 PGRP-SD PGRP-SD 
FBgn0275436 Phenylalanyl-tRNA synthetase, 
mitochondrial 
PheRS-m 
FBgn0035438 PHGPx PHGPx 
FBgn0035089 Pherokine 3 Phk-3 
FBgn0004959 phantom phm 
FBgn0003082 photorepair phr 
FBgn0034878 pita pita 
FBgn0038140 Pyrokinin 2 receptor 1 PK2-R1 
FBgn0038139 Pyrokinin 2 receptor 2 PK2-R2 
FBgn0005626 pale ple 
FBgn0033377 Phosphomannomutase 45A Pmm45A 
FBgn0004103 Protein phosphatase 1 at 87B Pp1-87B 
FBgn0260439 Protein phosphatase 2A at 29B Pp2A-29B 
FBgn0035632 Bifunctional Phosphopantetheine 
adenylyltransferase - Dephospho-CoA 
kinase 
Ppat-Dpck 
FBgn0034948 Protein phosphatase 1 regulatory subunit 
15 
PPP1R15 
FBgn0283741 prage prage 
FBgn0024734 PRL-1 phosphatase PRL-1 
FBgn0004066 Proteasome alpha4 subunit Prosalpha4 
FBgn0250843 Proteasome alpha6 subunit Prosalpha6 
FBgn0029134 Proteasome beta5 subunit Prosbeta5 
FBgn0035590 p53-related protein kinase Prpk 
FBgn0261552 pasilla ps 
FBgn0035770 pastrel pst 
FBgn0028341 Protein tyrosine phosphatase Meg2 Ptpmeg2 
FBgn0003165 pumilio pum 
FBgn0004577 Peroxidase Pxd 
FBgn0011828 Peroxidasin Pxn 
FBgn0043900 pygopus pygo 
FBgn0267385 Pyruvate kinase PyK 
FBgn0022985 quaking related 58E-2 qkr58E-2 
FBgn0016700 Rab1 Rab1 
FBgn0015790 Rab11 Rab11 
FBgn0025382 Rab27 Rab27 
FBgn0005586 Rab3 Rab3 
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FBgn0016701 Rab4 Rab4 
FBgn0014010 Rab5 Rab5 
FBgn0015797 Rab6 Rab6 
FBgn0015795 Rab7 Rab7 
FBgn0262518 Rab8 Rab8 
FBgn0010333 Rac1 Rac1 
FBgn0033389 Rad51 recombinase D Rad51D 
FBgn0015286 Ras-like protein A Rala 
FBgn0283666 Ras-associated protein 2-like Rap2l 
FBgn0003206 Ras oncogene at 64B Ras64B 
FBgn0003205 Ras oncogene at 85D Ras85D 
FBgn0024194 rasp rasp 
FBgn0004903 Ribonuclear protein at 97D Rb97D 
FBgn0262734 RNA-binding protein 2 Rbp2 
FBgn0010263 RNA-binding protein 9 Rbp9 
FBgn0031047 Required for cell differentiation 1 Rcd-1 
FBgn0027375 RecQ5 helicase RecQ5 
FBgn0003231 refractory to sigma P ref(2)P 
FBgn0029133 REG REG 
FBgn0085419 Rad, Gem/Kir family member 2 Rgk2 
FBgn0003248 Rhodopsin 2 Rh2 
FBgn0003249 Rhodopsin 3 Rh3 
FBgn0003250 Rhodopsin 4 Rh4 
FBgn0014019 Rhodopsin 5 Rh5 
FBgn0019940 Rhodopsin 6 Rh6 
FBgn0041191 Ras homolog enriched in brain Rheb 
FBgn0014020 Rho1 Rho1 
FBgn0030318 rhomboid-4 rho-4 
FBgn0036980 Rho-related BTB domain containing RhoBTB 
FBgn0036921 RhoGDI RhoGDI 
FBgn0053547 Rab3 interacting molecule Rim 
FBgn0015778 rasputin rin 
FBgn0003256 rolled rl 
FBgn0003257 rudimentary-like r-l 
FBgn0005649 Rox8 Rox8 
FBgn0029897 Ribosomal protein L17 RpL17 
FBgn0015288 Ribosomal protein L22 RpL22 
FBgn0032518 Ribosomal protein L24 RpL24 
FBgn0031980 Ribosomal protein L36A RpL36A 
FBgn0028695 Regulatory particle non-ATPase 1 Rpn1 
FBgn0028693 Regulatory particle non-ATPase 12 Rpn12 
FBgn0033886 Regulatory particle non-ATPase 13 Rpn13 
FBgn0028690 Regulatory particle non-ATPase 5 Rpn5 
FBgn0028689 Regulatory particle non-ATPase 6 Rpn6 
FBgn0028691 Regulatory particle non-ATPase 9 Rpn9 
FBgn0003942 Ribosomal protein S27A RpS27A 
FBgn0030136 Ribosomal protein S28b RpS28b 
FBgn0261599 Ribosomal protein S29 RpS29 
FBgn0015282 Regulatory particle triple-A ATPase 2 Rpt2 
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FBgn0028686 Regulatory particle triple-A ATPase 3 Rpt3 
FBgn0028684 Regulatory particle triple-A ATPase 5 Rpt5 
FBgn0053113 Reticulon-like1 Rtnl1 
FBgn0267790 rumpelstiltskin rump 
FBgn0025381 rush hour rush 
FBgn0004842 RYamide receptor RYa-R 
FBgn0261648 spalt major salm 
FBgn0000416 Saposin-related Sap-r 
FBgn0038947 Secretion-associated Ras-related 1 Sar1 
FBgn0002306 stranded at second sas 
FBgn0267378 sauron sau 
FBgn0016754 six-banded sba 
FBgn0003321 small bristles sbr 
FBgn0040285 Scamp Scamp 
FBgn0260936 scrawny scny 
FBgn0035298 Succinyl-CoA:3-ketoacid CoA 
transferase 
SCOT 
FBgn0261439 Succinate dehydrogenase, subunit A 
(flavoprotein) 
SdhA 
FBgn0033460 Secretory 24AB Sec24AB 
FBgn0262126 Secretory 24CD Sec24CD 
FBgn0033339 Secretory 31 Sec31 
FBgn0086357 Sec61 alpha subunit Sec61alpha 
FBgn0031049 Sec61 gamma subunit Sec61gamma 
FBgn0263260 seele sel 
FBgn0261270 Selenide,water dikinase SelD 
FBgn0263006 Sarco/endoplasmic reticulum Ca(2+)-
ATPase 
SERCA 
FBgn0260653 serpentine serp 
FBgn0003360 stress-sensitive B sesB 
FBgn0014879 Set Set 
FBgn0040022 SET domain containing 1 Set1 
FBgn0003371 shaggy sgg 
FBgn0035772 Sh3beta Sh3beta 
FBgn0013733 short stop shot 
FBgn0086656 shrub shrb 
FBgn0028402 Sex-lethal interactor Sin 
FBgn0039875 septin interacting protein 3 sip3 
FBgn0025637 SKP1-related A SkpA 
FBgn0005638 slow border cells slbo 
FBgn0283468 supernumerary limbs slmb 
FBgn0029161 slowmo slmo 
FBgn0086906 sallimus sls 
FBgn0039260 Smg6 Smg6 
FBgn0003444 smoothened smo 
FBgn0030257 SET and MYND domain containing, 
arthropod-specific, member 4 
SmydA-4 
FBgn0003447 singed sn 
FBgn0003463 short gastrulation sog 
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FBgn0036302 sosondowah sowah 
FBgn0037460 solwind sowi 
FBgn0034371 SP2637 SP2637 
FBgn0030306 Spase 25-subunit Spase25 
FBgn0014031 Serine pyruvate aminotransferase Spat 
FBgn0264324 sponge spg 
FBgn0028990 Serpin 27A Spn27A 
FBgn0031973 Serpin 28Dc Spn28Dc 
FBgn0265137 Serpin 42Da Spn42Da 
FBgn0003479 spindle A spn-A 
FBgn0003486 spook spo 
FBgn0020767 Sprouty-related protein with EVH-1 
domain 
Spred 
FBgn0015818 Spliceosomal protein on the X Spx 
FBgn0263396 squid sqd 
FBgn0264959 Src oncogene at 42A Src42A 
FBgn0262733 Src oncogene at 64B Src64B 
FBgn0014033 Scavenger receptor class C, type I Sr-CI 
FBgn0262112 shroud sro 
FBgn0010747 Signal recognition particle protein 54k Srp54k 
FBgn0035827 Signal recognition particle protein 9 Srp9 
FBgn0011509 Signal recognition particle receptor beta SrpRbeta 
FBgn0266521 stathmin stai 
FBgn0001978 shuttle craft stc 
FBgn0014388 sprouty sty 
FBgn0263755 Suppressor of variegation 3-9 Su(var)3-9 
FBgn0003638 suppressor of white-apricot su(w[a]) 
FBgn0029118 Sucb Sucb 
FBgn0261403 super sex combs sxc 
FBgn0003660 Synaptobrevin Syb 
FBgn0036341 Syntaxin 13 Syx13 
FBgn0031106 Syntaxin 16 Syx16 
FBgn0035540 Syntaxin 17 Syx17 
FBgn0039212 Syntaxin 18 Syx18 
FBgn0013343 Syntaxin 1A Syx1A 
FBgn0037084 Syntaxin 6 Syx6 
FBgn0267849 Syntaxin 7 Syx7 
FBgn0036643 Syntaxin 8 Syx8 
FBgn0028398 TBP-associated factor 10 Taf10 
FBgn0032847 TBP-associated factor 13 Taf13 
FBgn0041582 tamo tamo 
FBgn0260744 Transport and Golgi organization 9 Tango9 
FBgn0021795 Translocon-associated protein delta Tapdelta 
FBgn0034451 tubulin-binding cofactor B TBCB 
FBgn0004449 Tenascin major Ten-m 
FBgn0041182 Thioester-containing protein 2 Tep2 
FBgn0023479 Tequila teq 
FBgn0261014 TER94 TER94 
FBgn0011289 Transcription factor IIA L TfIIA-L 
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FBgn0013347 Transcription-factor-IIA-S TfIIA-S 
FBgn0035110 thoc7 thoc7 
FBgn0261560 Thor Thor 
FBgn0003720 tailless tll 
FBgn0003721 Tropomyosin 1 Tm1 
FBgn0020372 Transmembrane 4 superfamily TM4SF 
FBgn0027508 tankyrase Tnks 
FBgn0004885 tolkin tok 
FBgn0036978 Toll-9 Toll-9 
FBgn0016041 Translocase of outer membrane 40 Tom40 
FBgn0004924 Topoisomerase 1 Top1 
FBgn0033636 toutatis tou 
FBgn0086355 Triose phosphate isomerase Tpi 
FBgn0010423 Troponin C at 47D TpnC47D 
FBgn0015834 Trip1 Trip1 
FBgn0040070 thioredoxin-2 Trx-2 
FBgn0020653 Thioredoxin reductase-1 Trxr-1 
FBgn0037170 thioredoxin reductase 2 Trxr-2 
FBgn0036666 Tumor susceptibility gene 101 TSG101 
FBgn0003867 torso-like tsl 
FBgn0031760 Tetraspanin 26A Tsp26A 
FBgn0032074 Tetraspanin 29Fa Tsp29Fa 
FBgn0032075 Tetraspanin 29Fb Tsp29Fb 
FBgn0024361 Tetraspanin 2A Tsp2A 
FBgn0032376 Tetraspanin 33B Tsp33B 
FBgn0032943 Tetraspanin 39D Tsp39D 
FBgn0040334 Tetraspanin 3A Tsp3A 
FBgn0033042 Tetraspanin 42A Tsp42A 
FBgn0029508 Tetraspanin 42Ea Tsp42Ea 
FBgn0042086 Tetraspanin 42Eb Tsp42Eb 
FBgn0033124 Tetraspanin 42Ec Tsp42Ec 
FBgn0029507 Tetraspanin 42Ed Tsp42Ed 
FBgn0029506 Tetraspanin 42Ee Tsp42Ee 
FBgn0033127 Tetraspanin 42Ef Tsp42Ef 
FBgn0033128 Tetraspanin 42Eg Tsp42Eg 
FBgn0033129 Tetraspanin 42Eh Tsp42Eh 
FBgn0033130 Tetraspanin 42Ei Tsp42Ei 
FBgn0033132 Tetraspanin 42Ej Tsp42Ej 
FBgn0033133 Tetraspanin 42Ek Tsp42Ek 
FBgn0033134 Tetraspanin 42El Tsp42El 
FBgn0033135 Tetraspanin 42En Tsp42En 
FBgn0033136 Tetraspanin 42Eo Tsp42Eo 
FBgn0033137 Tetraspanin 42Ep Tsp42Ep 
FBgn0033138 Tetraspanin 42Eq Tsp42Eq 
FBgn0033139 Tetraspanin 42Er Tsp42Er 
FBgn0033629 Tetraspanin 47F Tsp47F 
FBgn0029837 Tetraspanin 5D Tsp5D 
FBgn0035786 Tetraspanin 66A Tsp66A 
FBgn0035936 Tetraspanin 66E Tsp66E 
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FBgn0036769 Tetraspanin 74F Tsp74F 
FBgn0037848 Tetraspanin 86D Tsp86D 
FBgn0027865 Tetraspanin 96F Tsp96F 
FBgn0039465 Tetraspanin 97E Tsp97E 
FBgn0011726 twinstar tsr 
FBgn0003896 tailup tup 
FBgn0029170 TweedleT TwdlT 
FBgn0011725 twin twin 
FBgn0004889 twins tws 
FBgn0035064 Tyrosyl-tRNA synthetase, mitochondrial TyrRS-m 
FBgn0004436 Ubiquitin conjugating enzyme 6 Ubc6 
FBgn0086558 Ubiquitin-5E Ubi-p5E 
FBgn0260970 Ubr3 ubiquitin ligase Ubr3 
FBgn0003944 Ultrabithorax Ubx 
FBgn0010288 Ubiquitin carboxy-terminal hydrolase Uch 
FBgn0036136 Ubiquitin fusion-degradation 1-like Ufd1-like 
FBgn0026755 UDP-glycosyltransferase 37b1 Ugt37b1 
FBgn0051352 Uncoordinated 115a Unc-115a 
FBgn0260463 Uncoordinated 115b Unc-115b 
FBgn0025549 unc-119 unc-119 
FBgn0283478 uninitiated und 
FBgn0030354 Upf1 Upf1 
FBgn0034245 Ubiquinol-cytochrome c reductase 6.4 
kDa subunit 
UQCR-6.4 
FBgn0003961 Urate oxidase Uro 
FBgn0029711 Usf Usf 
FBgn0031187 Ubiquitin specific protease 2 Usp2 
FBgn0029687 VAMP-associated protein 33kDa Vap33 
FBgn0053200 Ventrally-expressed protein D VepD 
FBgn0283536 Vacuolar H[+] ATPase 13kD subunit Vha13 
FBgn0283535 Vacuolar H[+]-ATPase 26kD subunit Vha26 
FBgn0022097 Vacuolar H[+] ATPase 36kD subunit 1 Vha36-1 
FBgn0033706 Vacuolar H[+] ATPase 36kD subunit 2 Vha36-2 
FBgn0040377 Vacuolar H[+] ATPase 36kD subunit 3 Vha36-3 
FBgn0262511 Vacuolar H[+] ATPase 44kD subunit Vha44 
FBgn0005671 Vacuolar H[+]-ATPase 55kD subunit Vha55 
FBgn0027779 Vacuolar H[+]-ATPase SFD subunit VhaSFD 
FBgn0267975 vibrator vib 
FBgn0016075 viking vkg 
FBgn0003980 Vitelline membrane 26Ab Vm26Ab 
FBgn0003984 vein vn 
FBgn0261930 ventral nervous system defective vnd 
FBgn0024273 WASp WASp 
FBgn0040066 will die slowly wds 
FBgn0284084 wingless wg 
FBgn0031903 Wnt oncogene analog 10 Wnt10 
FBgn0004360 Wnt oncogene analog 2 Wnt2 
FBgn0010453 Wnt oncogene analog 4 Wnt4 
FBgn0010194 Wnt oncogene analog 5 Wnt5 
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FBgn0038134 wnt inhibitor of Dorsal wntD 
FBgn0021872 X box binding protein-1 Xbp1 
FBgn0039338 XNP XNP 
FBgn0004698 Xeroderma pigmentosum, 
complementation group C 
Xpc 
FBgn0040064 yippee interacting protein 2 yip2 
FBgn0022959 ypsilon schachtel yps 
FBgn0004053 zerknullt zen 
FBgn0040512 Coat Protein (coatomer) zeta zetaCOP 
FBgn0265434 zipper zip 
FBgn0031216 Zizimin-related Zir 
FBgn0260486 Zizimin Ziz 
FBgn0263603 Zinc-finger protein at 72D Zn72D 
FBgn0024177 zero population growth zpg 
FBgn0030245 - CG1637 
FBgn0040735 - CG16836 
FBgn0051038 - CG31038 
FBgn0034601 - CG4286 
FBgn0000179 bifid bi 
FBgn0036018 - CG3335 
FBgn0000499 dishevelled dsh 
FBgn0260003 Dystrophin Dys 
FBgn0000552 Ecdysone-dependent gene 84A Edg84A 
FBgn0011217 effete eff 
FBgn0046332 gasket gskt 
FBgn0001325 Kruppel Kr 
FBgn0000037 muscarinic Acetylcholine Receptor, A-
type 
mAChR-A 
FBgn0002781 modifier of mdg4 mod(mdg4) 
FBgn0035331 Myosuppressin receptor 1 MsR1 
FBgn0029970 Nek2 Nek2 
FBgn0259697 neverland nvd 
FBgn0024944 Octopamine receptor in mushroom 
bodies 
Oamb 
FBgn0085432 pangolin pan 
FBgn0016054 (6-4)-photolyase phr6-4 
FBgn0003189 rudimentary r 
FBgn0026778 Radiation insensitive 1 Rad1 
FBgn0028993 scarecrow scro 
FBgn0024980 Syntaxin 4 Syx4 
FBgn0043550 Tetraspanin 68C Tsp68C 
FBgn0030931 X-ray repair cross complementing 2 Xrcc2 
FBgn0026361 Septin 5 5-Sep 
FBgn0000017 Abl tyrosine kinase Abl 
FBgn0023535 arginase arg 
FBgn0024897 b6 b6 
FBgn0038087 beat-Va beat-Va 
FBgn0015000 beta subunit of type I geranylgeranyl 
transferase 
betaggt-I 
184 
 
FBgn0028970 beta subunit of type II geranylgeranyl 
transferase 
betaggt-II 
FBgn0004863 C15 C15 
FBgn0039396 Crustacean cardioactive peptide receptor CCAP-R 
FBgn0033440 - CG10459 
FBgn0036156 - CG11726 
FBgn0033323 - CG12376 
FBgn0034998 - CG13577 
FBgn0038102 - CG14383 
FBgn0034397 - CG15082 
FBgn0013764 Chip Chi 
FBgn0036805 Charged multivesicular body protein 1 Chmp1 
FBgn0029709 CHOp24 CHOp24 
FBgn0022700 Chitinase 4 Cht4 
FBgn0010314 Cyclin-dependent kinase subunit 30A Cks30A 
FBgn0053302 Cuticular protein 31A Cpr31A 
FBgn0027873 Cleavage and polyadenylation specificity 
factor 100 
Cpsf100 
FBgn0041605 complexin cpx 
FBgn0038005 Cyp313a5 Cyp313a5 
FBgn0010316 dacapo dap 
FBgn0053517 Dopamine 2-like receptor Dop2R 
FBgn0261871 defective proboscis extension response 2 dpr2 
FBgn0004181 Ejaculatory bulb protein Ebp 
FBgn0264490 Ecdysone-induced protein 93F Eip93F 
FBgn0001987 Gliotactin Gli 
FBgn0045501 Gustatory receptor 22a Gr22a 
FBgn0041225 Gustatory receptor 94a Gr94a 
FBgn0026575 hangover hang 
FBgn0042710 Hex-t2 Hex-t2 
FBgn0032525 Heat shock protein 60D Hsp60D 
FBgn0026415 Imaginal disc growth factor 4 Idgf4 
FBgn0001253 Ecdysone-inducible gene E1 ImpE1 
FBgn0085351 inaF-A inaF-A 
FBgn0053971 Ionotropic receptor 62a Ir62a 
FBgn0034005 Integrin alphaPS4 subunit ItgaPS4 
FBgn0001316 klarsicht klar 
FBgn0034824 Kinesin-like protein at 59C Klp59C 
FBgn0034217 Lethal hybrid rescue Lhr 
FBgn0013531 Mediator complex subunit 20 MED20 
FBgn0086442 mind bomb 2 mib2 
FBgn0053208 Molecule interacting with CasL Mical 
FBgn0259209 Muscle LIM protein at 60A Mlp60A 
FBgn0040305 Metal response element-binding 
Transcription Factor-1 
MTF-1 
FBgn0040347 mus81 mus81 
FBgn0002936 neither inactivation nor afterpotential A ninaA 
FBgn0050418 nord nord 
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FBgn0034715 Organic anion transporting polypeptide 
58Db 
Oatp58Db 
FBgn0034766 Odorant-binding protein 59a Obp59a 
FBgn0053983 obstructor-H obst-H 
FBgn0002985 odd skipped odd 
FBgn0050443 Optix-binding protein Opbp 
FBgn0029521 Odorant receptor 1a Or1a 
FBgn0003009 orientation disruptor ord 
FBgn0051017 prolyl-4-hydroxylase-alpha NE3 PH4alphaNE3 
FBgn0051014 prolyl-4-hydroxylase-alpha SG1 PH4alphaSG1 
FBgn0004860 polyhomeotic distal ph-d 
FBgn0003117 pannier pnr 
FBgn0053526 PNUTS PNUTS 
FBgn0065108 pickpocket 16 ppk16 
FBgn0014269 proliferation disrupter prod 
FBgn0004370 Protein tyrosine phosphatase 10D Ptp10D 
FBgn0053207 pxb pxb 
FBgn0261385 scraps scra 
FBgn0026179 schizo siz 
FBgn0052451 Secretory Pathway Calcium atpase SPoCk 
FBgn0031547 Scavenger receptor class C, type IV Sr-CIV 
FBgn0004465 Suppressor of ref(2)P sterility Su(P) 
FBgn0017482 Type III alcohol dehydrogenase T3dh 
FBgn0013263 Trithorax-like Trl 
FBgn0024920 Thymidylate synthase Ts 
FBgn0038541 Tyramine receptor II TyrRII 
FBgn0031758 Uncoupling protein 4B Ucp4B 
FBgn0028668 Vacuolar H[+] ATPase 16kD subunit 2 Vha16-2 
FBgn0016038 Vacuolar protein sorting 37A Vsp37A 
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Appendix A.2 Putative targets for knot 
FBID_KEY NAME SYMBOL 
FBgn0053100 eIF4E-Homologous Protein 4EHP 
FBgn0261929 5-hydroxytryptamine (serotonin) receptor 
2B 
5-HT2B 
FBgn0264442 abrupt ab 
FBgn0000017 Abl tyrosine kinase Abl 
FBgn0000028 abnormal chemosensory jump 6 acj6 
FBgn0010100 Aconitase Acon 
FBgn0034628 acyl-Coenzyme A oxidase at 57D 
proximal 
Acox57D-p 
FBgn0014454 Adult cuticle protein 1 Acp1 
FBgn0087035 Argonaute 2 AGO2 
FBgn0031392 Apoptosis inducing factor AIF 
FBgn0004552 Adipokinetic hormone Akh 
FBgn0010379 Akt1 Akt1 
FBgn0020764 Aminolevulinate synthase Alas 
FBgn0010548 Aldehyde dehydrogenase type III Aldh-III 
FBgn0086378 Apoptosis-linked gene-2 Alg-2 
FBgn0015571 alpha-Esterase-3 alpha-Est3 
FBgn0015574 alpha-Esterase-6 alpha-Est6 
FBgn0038535 aluminum tubes alt 
FBgn0004372 always early aly 
FBgn0000077 almondex amx 
FBgn0262167 anastral spindle 1 ana1 
FBgn0261788 Ankyrin 2 Ank2 
FBgn0264855 Adaptor Protein complex 2, alpha subunit AP-2alpha 
FBgn0043012 Adaptor Protein complex 2, sigma subunit AP-2sigma 
FBgn0087002 apolipophorin apolpp 
FBgn0015903 apontic apt 
FBgn0033807 aquaporin AQP 
FBgn0011743 Actin-related protein 53D Arp53D 
FBgn0038189 Arginine methyltransferase 6 Art6 
FBgn0039908 Asator Asator 
FBgn0034075 Aspartyl beta-hydroxylase Asph 
FBgn0031876 Ada2a-containing complex component 1 Atac1 
FBgn0261108 Autophagy-related 13 Atg13 
FBgn0044452 Autophagy-related 2 Atg2 
FBgn0002921 Na pump alpha subunit Atpalpha 
FBgn0020236 ATP citrate lyase ATPCL 
FBgn0041581 Attacin-B AttB 
FBgn0029907 Ataxin 1 Atx-1 
FBgn0024227 aurora B aurB 
FBgn0262870 axotactin axo 
FBgn0004870 bric a brac 1 bab1 
FBgn0032049 beta-site APP-cleaving enzyme Bace 
FBgn0026149 BCL7-like BCL7-like  
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FBgn0013433 beaten path Ia beat-Ia 
FBgn0038498 beaten path IIa beat-IIa 
FBgn0036491 Bestrophin 4 Best4 
FBgn0260860 Blocked early in transport 5 Bet5 
FBgn0028970 beta subunit of type II geranylgeranyl 
transferase 
betaggt-II 
FBgn0003889 beta-Tubulin at 85D betaTub85D 
FBgn0261111 Birt-Hogg-Dube homolog BHD 
FBgn0010520 Bekka Bka 
FBgn0260942 james bond bond 
FBgn0050169 Breast cancer 2, early onset homolog Brca2 
FBgn0000114 bruno 1 bru1 
FBgn0005666 bent bt 
FBgn0266756 bitesize btsz 
FBgn0000241 brown bw 
FBgn0259228 C3G guanyl-nucleotide exchange factor C3G 
FBgn0264386 Ca[2+]-channel protein alpha[[1]] subunit 
T 
Ca-alpha1T 
FBgn0038439 Cadherin 89D Cad89D 
FBgn0039928 Calsyntenin-1 Cals 
FBgn0259234 Calmodulin-binding transcription 
activator 
Camta 
FBgn0037100 Capability receptor CapaR 
FBgn0259876 Chromosome associated protein G Cap-G 
FBgn0042134 Caprin Capr 
FBgn0013759 CASK CASK 
FBgn0000261 Catalase Cat 
FBgn0011571 cabeza caz 
FBgn0043364 cabut cbt 
FBgn0038199 CCHamide-1 CCHa1 
FBgn0050106 CCHamide-1 receptor CCHa1-R 
FBgn0259231 Cholecystokinin-like receptor at 17D1 CCKLR-17D1 
FBgn0031367 calcutta cup c-cup 
FBgn0032863 Cell division cycle 23 Cdc23 
FBgn0265082 Chondrocyte-derived ezrin-like domain 
containing protein 
Cdep 
FBgn0004876 center divider cdi 
FBgn0028509 Centaurin gamma 1A CenG1A 
FBgn0000286 Chorion factor 2 Cf2 
FBgn0030586 - CG12539 
FBgn0052495 - CG32495 
FBgn0053463 - CG33463 
FBgn0083962 - CG34126 
FBgn0250755 - CG42233 
FBgn0259101 - CG42249 
FBgn0259143 - CG42258 
FBgn0259233 - CG42331 
FBgn0261561 - CG42675 
FBgn0261570 - CG42684 
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FBgn0264542 - CG43921 
FBgn0265186 - CG44251 
FBgn0265595 - CG44422 
FBgn0266696 - CG45186 
FBgn0038142 Chemosensory protein A 87a CheA87a 
FBgn0038888 Chemosensory protein B 93a CheB93a 
FBgn0029504 Checkpoint suppressor 1-like CHES-1-like 
FBgn0000307 chiffon chif 
FBgn0086758 Chronologically inappropriate 
morphogenesis 
chinmo 
FBgn0022702 Chitinase 2 Cht2 
FBgn0035398 Chitinase 7 Cht7 
FBgn0000316 cinnamon cin 
FBgn0000317 crinkled ck 
FBgn0000259 Casein kinase II beta subunit CkIIbeta 
FBgn0051116 Chloride channel-a ClC-a 
FBgn0040232 CENP-meta cmet 
FBgn0050363 comas sola cola 
FBgn0032833 Cytochrome c oxidase subunit 4 COX4 
FBgn0031066 Cytochrome c oxidase subunit 6B COX6B 
FBgn0053302 Cuticular protein 31A Cpr31A 
FBgn0033600 Cuticular protein 47Ec Cpr47Ec 
FBgn0034517 Cuticular protein 57A Cpr57A 
FBgn0029811 Cuticular protein 5C Cpr5C 
FBgn0050163 Cuticular protein 60D Cpr60D 
FBgn0035279 Cuticular protein 62Ba Cpr62Ba 
FBgn0035735 Cuticular protein 65Ea Cpr65Ea 
FBgn0037069 Cuticular protein 78Cc Cpr78Cc 
FBgn0037114 Cuticular protein 78E Cpr78E 
FBgn0025864 Calmodulin-binding protein related to a 
Rab3 GDP/GTP exchange protein 
Crag 
FBgn0265784 Cyclic-AMP response element binding 
protein B 
CrebB 
FBgn0014143 crocodile croc 
FBgn0025680 cryptochrome cry 
FBgn0000382 corkscrew csw 
FBgn0266452 CTP synthase CTPsyn 
FBgn0062412 Copper transporter 1B Ctr1B 
FBgn0260794 circadian trip ctrip 
FBgn0086901 crossveinless c cv-c 
FBgn0000404 Cyclin A CycA 
FBgn0010383 Cytochrome P450-18a1 Cyp18a1 
FBgn0010019 Cytochrome P450-4g1 Cyp4g1 
FBgn0033980 Cyp6a20 Cyp6a20 
FBgn0015031 cyclope cype 
FBgn0004629 Cystatin-like Cys 
FBgn0000406 Cytochrome b5-related Cyt-b5-r 
FBgn0262029 dachs d 
FBgn0005677 dachshund dac 
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FBgn0028862 down and out dao 
FBgn0024804 Dead box protein 80 Dbp80 
FBgn0021825 Dynactin 2, p50 subunit DCTN2-p50 
FBgn0259099 Doublecortin-domain-containing 
echinoderm-microtubule-associated 
protein 
DCX-EMAP 
FBgn0028969 Coat Protein (coatomer) delta deltaCOP 
FBgn0086687 Desaturase 1 Desat1 
FBgn0022893 Decondensation factor 31 Df31 
FBgn0026085 dim gamma-tubulin 4 dgt4 
FBgn0033740 dim gamma-tubulin 5 dgt5 
FBgn0032048 Diuretic hormone 31 Dh31 
FBgn0261436 Dihydropterin deaminase DhpD 
FBgn0263988 Dynein intermediate chain at 61B Dic61B 
FBgn0260775 DnaJ-like-60 DnaJ-60 
FBgn0000479 dunce dnc 
FBgn0265998 Darkener of apricot Doa 
FBgn0011582 Dopamine 1-like receptor 1 Dop1R1 
FBgn0266137 Dopamine 1-like receptor 2 Dop1R2 
FBgn0053517 Dopamine 2-like receptor Dop2R 
FBgn0035538 Dopamine/Ecdysteroid receptor DopEcR 
FBgn0038282 defective proboscis extension response 9 dpr9 
FBgn0052666 Death-associated protein kinase related Drak 
FBgn0265296 Down syndrome cell adhesion molecule 2 Dscam2 
FBgn0039528 distracted dsd 
FBgn0010269 Downstream of raf1 Dsor1 
FBgn0000504 doublesex dsx 
FBgn0260003 Dystrophin Dys 
FBgn0264006 dyschronic dysc 
FBgn0002633 Enhancer of split m7, helix-loop-helix E(spl)m7-HLH 
FBgn0002734 Enhancer of split mdelta, helix-loop-helix E(spl)mdelta-
HLH 
FBgn0000629 Enhancer of zeste E(z) 
FBgn0000546 Ecdysone receptor EcR 
FBgn0262579 Ectoderm-expressed 4 Ect4 
FBgn0023511 ER degradation enhancer, mannosidase 
alpha-like 1 
Edem1 
FBgn0051159 Elongation Factor G2 EF-G2 
FBgn0001942 Eukaryotic initiation factor 4a eIF-4a 
FBgn0020660 Eukaryotic initiation factor 4B eIF-4B 
FBgn0265089 eukaryotic translation initiation factor 4E-
3 
eIF4E-3 
FBgn0023213 eukaryotic translation initiation factor 4G eIF4G 
FBgn0026259 eIF5B eIF5B 
FBgn0260400 embryonic lethal abnormal vision elav 
FBgn0037358 ethanol sensitive with low memory elm 
FBgn0038659 Endophilin A EndoA 
FBgn0000579 Enolase Eno 
FBgn0034975 enoki mushroom enok 
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FBgn0264693 ensconsin ens 
FBgn0085421 Exchange protein directly activated by 
cAMP 
Epac 
FBgn0040324 Ephrin Ephrin 
FBgn0027496 Coat Protein (coatomer) epsilon epsilonCOP 
FBgn0033663 ERp60 ERp60 
FBgn0000592 Esterase 6 Est-6 
FBgn0038874 ETHR ETHR 
FBgn0005427 erect wing ewg 
FBgn0266667 Exocyst 70 Exo70 
FBgn0005558 eyeless ey 
FBgn0005632 fat facets faf 
FBgn0038827 Fancd2 Fancd2 
FBgn0266451 fau fau 
FBgn0000639 Fat body protein 1 Fbp1 
FBgn0035026 TFIIF-interacting CTD phosphatase Fcp1 
FBgn0085397 Fish-lips Fili 
FBgn0005633 flightin fln 
FBgn0024236 fear-of-intimacy foi 
FBgn0263773 fledgling of Klp38B fok 
FBgn0053556 formin 3 form3 
FBgn0036134 Forkhead box K FoxK 
FBgn0262477 Forkhead box P FoxP 
FBgn0023083 frayed fray 
FBgn0267795 Formin-like Frl 
FBgn0083228 Frequenin 2 Frq2 
FBgn0000810 female sterile (1) K10 fs(1)K10 
FBgn0001077 fushi tarazu ftz 
FBgn0036485 FucTA FucTA 
FBgn0027342 frizzled 4 fz4 
FBgn0011596 fuzzy onions fzo 
FBgn0001104 G protein alpha i subunit Galphai 
FBgn0001122 G protein alpha o subunit Galphao 
FBgn0001123 G protein alpha s subunit Galphas 
FBgn0035245 gamma-glutamyl carboxylase GC 
FBgn0261703 germ cell-expressed bHLH-PAS gce 
FBgn0027341 Glutamine:fructose-6-phosphate 
aminotransferase 1 
Gfat1 
FBgn0262869 Glial cell line-derived neurotrophic 
family receptor-like 
Gfrl 
FBgn0037551 GTPase indispensable for equal 
segregation of chromosomes 
Gie 
FBgn0004618 glass gl 
FBgn0020429 Glutamate receptor IIB GluRIIB 
FBgn0264574 Glucose transporter 1 Glut1 
FBgn0267336 Glucose transporter 4 enhancer factor Glut4EF 
FBgn0266064 Glycogen synthase GlyS 
FBgn0045502 Gustatory receptor 10a Gr10a 
FBgn0041248 Gustatory receptor 23a Gr23a 
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FBgn0041225 Gustatory receptor 94a Gr94a 
FBgn0001134 Glycine receptor Grd 
FBgn0261278 grapes grp 
FBgn0001142 Glutamine synthetase 1 Gs1 
FBgn0001148 gooseberry gsb 
FBgn0030882 Glutathione Synthetase GSS 
FBgn0042206 Glutathione S transferase D10 GstD10 
FBgn0034335 Glutathione S transferase E1 GstE1 
FBgn0063493 Glutathione S transferase E7 GstE7 
FBgn0038435 Guanylyl cyclase at 89Da Gyc89Da 
FBgn0037332 Holocarboxylase synthetase Hcs 
FBgn0041210 Histone deacetylase 4 HDAC4 
FBgn0033448 hebe hebe 
FBgn0011224 hephaestus heph 
FBgn0035142 Homeodomain interacting protein kinase Hipk 
FBgn0027087 Histidyl-tRNA synthetase HisRS 
FBgn0004362 High mobility group protein D HmgD 
FBgn0025639 Histone methyltransferase 4-20 Hmt4-20 
FBgn0264005 H6-like-homeobox Hmx 
FBgn0041150 hoepel1 hoe1 
FBgn0264491 held out wings how 
FBgn0037675 Heterochromatin Protein 1e HP1e 
FBgn0014859 Hormone receptor-like in 38 Hr38 
FBgn0001218 Heat shock 70-kDa protein cognate 3 Hsc70-3 
FBgn0011244 Heat shock protein 60B Hsp60B 
FBgn0013279 Heat-shock-protein-70Bc Hsp70Bc 
FBgn0014906 alpha/beta hydrolase2 Hydr2 
FBgn0034853 Interacts with the C terminus of ELL 1 Ice1 
FBgn0034328 Immune induced molecule 23 IM23 
FBgn0001257 Ecdysone-inducible gene L2 ImpL2 
FBgn0025394 insomniac inc 
FBgn0283499 Insulin-like receptor InR 
FBgn0035462 Integrator 10 IntS10 
FBgn0283680 Inositol 1,4,5-triphosphate kinase 2 IP3K2 
FBgn0035019 Ionotropic receptor 60e Ir60e 
FBgn0260874 Ionotropic receptor 76a Ir76a 
FBgn0011774 Inverted repeat-binding protein Irbp 
FBgn0034005 Integrin alphaPS4 subunit ItgaPS4 
FBgn0011225 jaguar jar 
FBgn0036004 Jumonji, AT rich interactive domain 2 Jarid2 
FBgn0020412 JIL-1 kinase JIL-1 
FBgn0031653 Jonah 25Biii Jon25Biii 
FBgn0035667 Jonah 65Ai Jon65Ai 
FBgn0035887 Jonah 66Cii Jon66Cii 
FBgn0263929 javelin-like jvl 
FBgn0027338 karyopherin alpha3 Kap-alpha3 
FBgn0053182 Lysine (K)-specific demethylase 4B Kdm4B 
FBgn0015399 kekkon-1 kek1 
FBgn0266557 kismet kis 
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FBgn0025679 Kruppel-like factor 15 Klf15 
FBgn0001323 knirps-like knrl 
FBgn0027330 lethal (1) G0020 l(1)G0020 
FBgn0026702 lethal (1) G0045 l(1)G0045 
FBgn0028336 lethal (1) G0255 l(1)G0255 
FBgn0261881 lethal (2) 35Be l(2)35Be 
FBgn0010926 lethal (3) 07882 l(3)07882 
FBgn0002440 lethal (3) malignant blood neoplasm l(3)mbn 
FBgn0033984 Lap1 Lap1 
FBgn0063485 Lasp Lasp 
FBgn0002534 Larval cuticle protein 3 Lcp3 
FBgn0040092 lectin-46Cb lectin-46Cb 
FBgn0016675 Galactose-specific C-type lectin Lectin-galC1 
FBgn0020279 lingerer lig 
FBgn0039039 lame duck lmd 
FBgn0261565 Limpet Lmpt 
FBgn0083946 lost boys lobo 
FBgn0263594 lost lost 
FBgn0002562 Larval serum protein 1 alpha Lsp1alpha 
FBgn0016034 maelstrom mael 
FBgn0262169 magu magu 
FBgn0002643 mastermind mam 
FBgn0267033 maternal gene required for meiosis mamo 
FBgn0039914 maverick mav 
FBgn0034389 Multiple C2 domain and transmembrane 
region protein 
Mctp 
FBgn0004512 Multi drug resistance 49 Mdr49 
FBgn0004367 meiotic 41 mei-41 
FBgn0025814 Microsomal glutathione S-transferase-like Mgstl 
FBgn0264695 Myosin heavy chain Mhc 
FBgn0036333 MICAL-like MICAL-like 
FBgn0262872 milton milt 
FBgn0026060 Multiple inositol polyphosphate 
phosphatase 2 
Mipp2 
FBgn0259209 Muscle LIM protein at 60A Mlp60A 
FBgn0014863 Muscle LIM protein at 84B Mlp84B 
FBgn0260660 Multiplexin Mp 
FBgn0002789 Muscle protein 20 Mp20 
FBgn0020270 meiotic recombination 11 mre11 
FBgn0042112 mitochondrial ribosomal protein L36 mRpL36 
FBgn0037892 mitochondrial ribosomal protein L40 mRpL40 
FBgn0034893 mitochondrial ribosomal protein L43 mRpL43 
FBgn0002838 male sterile (3) K81 ms(3)K81 
FBgn0030703 membrane steroid binding protein MSBP 
FBgn0261836 Muscle-specific protein 300 kDa Msp300 
FBgn0027948 mini spindles msps 
FBgn0011670 Male-specific transcript 57Dc Mst57Dc 
FBgn0004172 Male-specific RNA 84Da Mst84Da 
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FBgn0013675 mitochondrial Cytochrome c oxidase 
subunit II 
mt:CoII 
FBgn0013676 mitochondrial Cytochrome c oxidase 
subunit III 
mt:CoIII 
FBgn0013678 mitochondrial Cytochrome b mt:Cyt-b 
FBgn0028707 Methyltransferase 2 Mt2 
FBgn0040305 Metal response element-binding 
Transcription Factor-1 
MTF-1 
FBgn0035847 methuselah-like 7 mthl7 
FBgn0002873 mushroom body defect mud 
FBgn0051901 Mucin related 29B Mur29B 
FBgn0040347 mus81 mus81 
FBgn0026199 myoglianin myo 
FBgn0040299 Myosin 28B1 Myo28B1 
FBgn0002926 nudel ndl 
FBgn0041103 no hitter nht 
FBgn0045980 nimA-like kinase niki 
FBgn0024945 Nitrilase and fragile histidine triad fusion 
protein 
NitFhit 
FBgn0085442 Na,K-ATPase Interacting NKAIN 
FBgn0083975 Neuroligin 4 Nlg4 
FBgn0034963 CCR4-NOT transcription complex 
subunit 11 
Not11 
FBgn0264975 Neuroglian Nrg 
FBgn0262509 neuromusculin nrm 
FBgn0032946 nervana 3 nrv3 
FBgn0034740 novel spermatogenesis regulator nsr 
FBgn0024947 NTPase NTPase 
FBgn0031078 Nucleoporin 205kD Nup205 
FBgn0033264 Nucleoporin 50kD Nup50 
FBgn0263456 nervous wreck nwk 
FBgn0031111 Odorant-binding protein 19c Obp19c 
FBgn0034468 Odorant-binding protein 56a Obp56a 
FBgn0034471 Odorant-binding protein 56e Obp56e 
FBgn0036681 Odorant-binding protein 73a Obp73a 
FBgn0046876 Odorant-binding protein 83ef Obp83ef 
FBgn0031737 obstructor-E obst-E 
FBgn0040296 Ocho Ocho 
FBgn0250910 Octopamine beta3 receptor Octbeta3R 
FBgn0014184 Ornithine decarboxylase antizyme Oda 
FBgn0027864 8-oxoguanine DNA glycosylase Ogg1 
FBgn0050443 Optix-binding protein Opbp 
FBgn0264389 opossum opm 
FBgn0033422 Odorant receptor 45b Or45b 
FBgn0003009 orientation disruptor ord 
FBgn0035317 Outer segment 2 Oseg2 
FBgn0037415 Osiris 8 Osi8 
FBgn0011336 Oligosaccharyl transferase 3 OstStt3 
FBgn0260799 Adherens junction protein p120 p120ctn 
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FBgn0034259 P32 P32 
FBgn0267339 p38c MAP kinase p38c 
FBgn0030294 PTIP associated 1 Pa1 
FBgn0038100 polyA-binding protein interacting protein 
2 
Paip2 
FBgn0264255 paralytic para 
FBgn0010247 Poly-(ADP-ribose) polymerase Parp 
FBgn0036007 pathetic path 
FBgn0036580 Programmed Cell Death 5 PDCD-5 
FBgn0085370 Phosphodiesterase 11 Pde11 
FBgn0014002 Protein disulfide isomerase Pdi 
FBgn0261588 pou domain motif 3 pdm3 
FBgn0003067 Phosphoenolpyruvate carboxykinase Pepck 
FBgn0035004 Phosphoglycerate mutase 5-2 Pgam5-2 
FBgn0035975 Peptidoglycan recognition protein LA PGRP-LA 
FBgn0035976 Peptidoglycan recognition protein LC PGRP-LC 
FBgn0033380 Phosphorylated adaptor for RNA export Phax 
FBgn0032749 PH domain leucine-rich repeat protein 
phosphatase 
Phlpp 
FBgn0016054 (6-4)-photolyase phr6-4 
FBgn0015278 Phosphotidylinositol 3 kinase 68D Pi3K68D 
FBgn0261015 PFTAIRE-interacting factor 1A Pif1A 
FBgn0034789 Phosphatidylinositol 4-phosphate 5-
kinase at 59B 
PIP5K59B 
FBgn0016696 Pitslre Pitslre 
FBgn0000273 Protein kinase, cAMP-dependent, 
catalytic subunit 1 
Pka-C1 
FBgn0259243 Protein kinase, cAMP-dependent, 
regulatory subunit type 1 
Pka-R1 
FBgn0041195 Polycystic kidney disease 2 Pkd2 
FBgn0005626 pale ple 
FBgn0261261 pollux plx 
FBgn0259214 plasma membrane calcium ATPase PMCA 
FBgn0035632 Bifunctional Phosphopantetheine 
adenylyltransferase - Dephospho-CoA 
kinase 
Ppat-Dpck 
FBgn0030844 pickpocket 23 ppk23 
FBgn0051065 pickpocket 31 ppk31 
FBgn0035143 Ppm1 Ppm1 
FBgn0024734 PRL-1 phosphatase PRL-1 
FBgn0017556 Proteasome alpha4 subunit, Testis-
specific 2 
Prosalpha4T2 
FBgn0013301 Protamine B ProtB 
FBgn0050342 pre-mRNA processing factor 38 Prp38 
FBgn0264598 Protostome-specific GEF PsGEF 
FBgn0004369 Protein tyrosine phosphatase 99A Ptp99A 
FBgn0022361 Purine-rich binding protein-alpha Pur-alpha 
FBgn0262614 polychaetoid pyd 
FBgn0267385 Pyruvate kinase PyK 
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FBgn0034918 Partner of Y14 and Mago Pym 
FBgn0263974 qin qin 
FBgn0031951 r2d2 r2d2 
FBgn0015790 Rab11 Rab11 
FBgn0025382 Rab27 Rab27 
FBgn0029959 Rab39 Rab39 
FBgn0027505 Rab3 GTPase activating protein Rab3-GAP 
FBgn0030391 Rab40 Rab40 
FBgn0014010 Rab5 Rab5 
FBgn0262518 Rab8 Rab8 
FBgn0032782 Rab9 Rab9 
FBgn0034646 Rae1 Rae1 
FBgn0003205 Ras oncogene at 85D Ras85D 
FBgn0004903 Ribonuclear protein at 97D Rb97D 
FBgn0023510 Rabconnectin-3B Rbcn-3B 
FBgn0015799 Retinoblastoma-family protein Rbf 
FBgn0010263 RNA-binding protein 9 Rbp9 
FBgn0003227 recombination-defective rec 
FBgn0032439 RNA and export factor binding protein 2 Ref2 
FBgn0040075 reptin rept 
FBgn0264753 Rad, Gem/Kir family member 1 Rgk1 
FBgn0003248 Rhodopsin 2 Rh2 
FBgn0014020 Rho1 Rho1 
FBgn0261461 Rho GTPase activating protein at 18B RhoGAP18B 
FBgn0025836 Rho GTPase activating protein at 1A RhoGAP1A 
FBgn0034249 Rho GTPase activating protein at 54D RhoGAP54D 
FBgn0026375 Rho GTPase activating protein p190 RhoGAPp190 
FBgn0035762 RAD50 interactor 1 Rint1 
FBgn0051719 RluA-1 RluA-1 
FBgn0037707 RNA-binding protein S1 RnpS1 
FBgn0041097 roundabout 3 robo3 
FBgn0011705 rolling stone rost 
FBgn0005649 Rox8 Rox8 
FBgn0032634 Rpb11 Rpb11 
FBgn0032518 Ribosomal protein L24 RpL24 
FBgn0005593 Ribosomal protein L7 RpL7 
FBgn0005533 Ribosomal protein S17 RpS17 
FBgn0015521 Ribosomal protein S21 RpS21 
FBgn0020369 Regulatory particle triple-A ATPase 6 Rpt6 
FBgn0011305 Repressor splicing factor 1 Rsf1 
FBgn0015831 Rtnl2 Rtnl2 
FBgn0266019 rudhira rudhira 
FBgn0259162 Runt related B RunxB 
FBgn0283473 S6 Kinase Like S6KL 
FBgn0032330 SAM-motif ubiquitously expressed 
punctatedly localized protein 
Samuel 
FBgn0003328 scab scb 
FBgn0260936 scrawny scny 
FBgn0041094 scylla scyl 
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FBgn0011259 Semaphorin 1a Sema1a 
FBgn0263006 Sarco/endoplasmic reticulum Ca(2+)-
ATPase 
SERCA 
FBgn0010414 Serotonin transporter SerT 
FBgn0003360 stress-sensitive B sesB 
FBgn0040022 SET domain containing 1 Set1 
FBgn0032475 Scm-related gene containing four mbt 
domains 
Sfmbt 
FBgn0003371 shaggy sgg 
FBgn0003377 Salivary gland secretion 7 Sgs7 
FBgn0013733 short stop shot 
FBgn0085447 still life sif 
FBgn0053527 SIFamide SIFa 
FBgn0025625 Salt-inducible kinase 2 Sik2 
FBgn0266411 similar sima 
FBgn0029761 small conductance calcium-activated 
potassium channel 
SK 
FBgn0037236 S-phase kinase-associated protein 2 Skp2 
FBgn0038524 slalom sll 
FBgn0086906 sallimus sls 
FBgn0037263 nuclease slx1 slx1 
FBgn0016070 smaug smg 
FBgn0262599 SET and MYND domain containing, 
arthropod-specific, member 3 
SmydA-3 
FBgn0086129 something that sticks like glue snama 
FBgn0260004 Sensory neuron membrane protein 1 Snmp1 
FBgn0032840 short neuropeptide F precursor sNPF 
FBgn0003462 Superoxide dismutase 1 Sod1 
FBgn0022359 Sorbitol dehydrogenase-2 Sodh-2 
FBgn0036302 sosondowah sowah 
FBgn0037460 solwind sowi 
FBgn0005613 Sox box protein 15 Sox15 
FBgn0029123 SoxNeuro SoxN 
FBgn0034371 SP2637 SP2637 
FBgn0044823 Spec2 Spec2 
FBgn0015546 spellchecker1 spel1 
FBgn0016977 split ends spen 
FBgn0264324 sponge spg 
FBgn0086362 spn-F spn-F 
FBgn0086917 spookier spok 
FBgn0020767 Sprouty-related protein with EVH-1 
domain 
Spred 
FBgn0085443 sprint spri 
FBgn0036374 Spt20 Spt20 
FBgn0259678 spaghetti-squash activator sqa 
FBgn0263396 squid sqd 
FBgn0264959 Src oncogene at 42A Src42A 
FBgn0031547 Scavenger receptor class C, type IV Sr-CIV 
FBgn0035676 short spindle 6 ssp6 
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FBgn0035028 Start1 Start1 
FBgn0001978 shuttle craft stc 
FBgn0086408 stall stl 
FBgn0265045 Stretchin-Mlck Strn-Mlck 
FBgn0086708 starvin stv 
FBgn0003557 Suppressor of deltex Su(dx) 
FBgn0003607 Suppressor of variegation 205 Su(var)205 
FBgn0003638 suppressor of white-apricot su(w[a]) 
FBgn0038398 sex-specific enzyme 2 sxe2 
FBgn0264270 Sex lethal Sxl 
FBgn0037130 Syntrophin-like 1 Syn1 
FBgn0261090 Synaptotagmin beta Sytbeta 
FBgn0037084 Syntaxin 6 Syx6 
FBgn0031623 TBP-associated factor 30kD subunit 
alpha-2 
Taf12L 
FBgn0011836 TBP-associated factor 2 Taf2 
FBgn0031842 Transport and Golgi organization 1 Tango1 
FBgn0031030 Tao Tao 
FBgn0010329 Tyramine beta hydroxylase Tbh 
FBgn0086350 teflon tef 
FBgn0045035 telomere fusion tefu 
FBgn0028902 Tektin A Tektin-A 
FBgn0041183 Thioester-containing protein 1 Tep1 
FBgn0261953 Transcription factor AP-2 TfAP-2 
FBgn0027360 Translocase of inner membrane 10 Tim10 
FBgn0003710 temperature-induced paralytic E tipE 
FBgn0037976 Tachykinin Tk 
FBgn0283657 Tousled-like kinase Tlk 
FBgn0003721 Tropomyosin 1 Tm1 
FBgn0004117 Tropomyosin 2 Tm2 
FBgn0013348 Troponin C at 41C TpnC41C 
FBgn0030049 Topoisomerase related function 4-1 Trf4-1 
FBgn0085410 Trissin receptor TrissinR 
FBgn0013263 Trithorax-like Trl 
FBgn0265194 Transient receptor potential cation 
channel, subfamily M 
Trpm 
FBgn0266723 TRAPP subunit 31 Trs31 
FBgn0020653 Thioredoxin reductase-1 Trxr-1 
FBgn0022355 Transferrin 1 Tsf1 
FBgn0040334 Tetraspanin 3A Tsp3A 
FBgn0033139 Tetraspanin 42Er Tsp42Er 
FBgn0029837 Tetraspanin 5D Tsp5D 
FBgn0039117 twister tst 
FBgn0003882 tube tub 
FBgn0010473 turtle tutl 
FBgn0051080 TweedleH TwdlH 
FBgn0011725 twin twin 
FBgn0029128 trynity tyn 
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FBgn0017457 U2 small nuclear riboprotein auxiliary 
factor 38 
U2af38 
FBgn0030872 Ucp4A Ucp4A 
FBgn0031758 Uncoupling protein 4B Ucp4B 
FBgn0262124 unextended uex 
FBgn0040262 Ugt36Ba Ugt36Ba 
FBgn0040256 Ugt86Dd Ugt86Dd 
FBgn0024184 unc-4 unc-4 
FBgn0034013 unc-5 unc-5 
FBgn0016756 Ubiquitin specific protease 47 Usp47 
FBgn0250785 varicose vari 
FBgn0005671 Vacuolar H[+]-ATPase 55kD subunit Vha55 
FBgn0043841 virus-induced RNA 1 vir-1 
FBgn0260964 Vesicular monoamine transporter Vmat 
FBgn0003984 vein vn 
FBgn0086785 Vacuolar protein sorting 36 Vps36 
FBgn0037299 Vacuolar protein sorting 37B Vps37B 
FBgn0016076 vrille vri 
FBgn0033692 washout wash 
FBgn0039620 waterproof wat 
FBgn0031782 WD repeat domain 79 WDR79 
FBgn0032030 WD repeat domain 82 Wdr82 
FBgn0051151 winged eye wge 
FBgn0010194 Wnt oncogene analog 5 Wnt5 
FBgn0041710 yellow-f yellow-f 
FBgn0040064 yippee interacting protein 2 yip2 
FBgn0034970 yorkie yki 
FBgn0052685 ZAP3 ZAP3 
FBgn0004607 Zn finger homeodomain 2 zfh2 
FBgn0035432 Zinc transporter 63C ZnT63C 
FBgn0037000 Zinc transporter 77C ZnT77C 
FBgn0024177 zero population growth zpg 
FBgn0004057 Zwischenferment Zw 
FBgn0004907 14-3-3zeta 14-3-3zeta 
FBgn0038363 Acylphosphatase 2 Acyp2 
FBgn0039747 Adenosine receptor AdoR 
FBgn0082598 akirin akirin 
FBgn0000064 Aldolase Ald 
FBgn0039332 astrocytic leucine-rich repeat molecule alrm 
FBgn0000116 Arginine kinase Argk 
FBgn0014127 barren barr 
FBgn0011206 boule bol 
FBgn0283451 broad br 
FBgn0004781 Ccp84Ac Ccp84Ac 
FBgn0083950 - CG34114 
FBgn0264907 - CG44098 
FBgn0266801 - CG45263 
FBgn0262594 Chemosensory protein A 46a CheA46a 
FBgn0045761 CHKov1 CHKov1 
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FBgn0033597 Cuticular protein 47Ea Cpr47Ea 
FBgn0086519 Cuticular protein 47Eg Cpr47Eg 
FBgn0035281 Cuticular protein 62Bc Cpr62Bc 
FBgn0041605 complexin cpx 
FBgn0031689 Cyp28d1 Cyp28d1 
FBgn0032693 Cyp310a1 Cyp310a1 
FBgn0033292 Cyp4ad1 Cyp4ad1 
FBgn0020305 dribble dbe 
FBgn0001624 discs large 1 dlg1 
FBgn0010583 dreadlocks dock 
FBgn0000551 Ecdysone-dependent gene 78E Edg78E 
FBgn0001085 frizzled fz 
FBgn0001098 Glutamate dehydrogenase Gdh 
FBgn0004921 G protein gamma 1 Ggamma1 
FBgn0250823 gilgamesh gish 
FBgn0004619 Glutamate receptor IA GluRIA 
FBgn0041241 Gustatory receptor 47b Gr47b 
FBgn0035486 Gustatory receptor 64d Gr64d 
FBgn0001145 Glutamine synthetase 2 Gs2 
FBgn0029082 hibris hbs 
FBgn0001235 homothorax hth 
FBgn0030858 Integrator 2 IntS2 
FBgn0034457 Ionotropic receptor 56c Ir56c 
FBgn0028331 lethal (1) G0289 l(1)G0289 
FBgn0002533 Larval cuticle protein 2 Lcp2 
FBgn0020643 Lcp65Ab2 Lcp65Ab2 
FBgn0034217 Lethal hybrid rescue Lhr 
FBgn0002023 Lim3 Lim3 
FBgn0283521 longitudinals lacking lola 
FBgn0033294 Maltase A4 Mal-A4 
FBgn0043070 Misexpression suppressor of KSR 2 MESK2 
FBgn0038294 Myofilin Mf 
FBgn0002781 modifier of mdg4 mod(mdg4) 
FBgn0031231 mitochondrial ribosomal protein L10 mRpL10 
FBgn0044510 mitochondrial ribosomal protein S5 mRpS5 
FBgn0037008 mitochondrial transcription termination 
factor 3 
mTerf3 
FBgn0261617 nejire nej 
FBgn0030724 Nipsnap Nipsnap 
FBgn0265726 Nna1 carboxypeptidase Nna1 
FBgn0259937 Nucleolar protein at 60B Nop60B 
FBgn0038975 Neurexin 1 Nrx-1 
FBgn0085424 nubbin nub 
FBgn0050067 Odorant-binding protein 50a Obp50a 
FBgn0004882 oo18 RNA-binding protein orb 
FBgn0038516 Pyrroline-5-carboxylate reductase-like 2 P5cr-2 
FBgn0003041 pebble pbl 
FBgn0265778 PDZ domain-containing guanine 
nucleotide exchange factor 
PDZ-GEF 
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FBgn0003089 pipe pip 
FBgn0003118 pointed pnt 
FBgn0037012 Reduction in Cnn dots 2 Rcd2 
FBgn0030808 Rho GTPase activating protein at 15B RhoGAP15B 
FBgn0028993 scarecrow scro 
FBgn0039875 septin interacting protein 3 sip3 
FBgn0031971 Starvation-upregulated protein Sirup 
FBgn0036282 SET and MYND domain containing, class 
4, member 2 
Smyd4-2 
FBgn0266720 Synaptosomal-associated protein 24kDa Snap24 
FBgn0050365 spacewatch spaw 
FBgn0031959 spatzle 3 spz3 
FBgn0033887 Sulfotransferase 4 St4 
FBgn0266521 stathmin stai 
FBgn0265356 thin tn 
FBgn0003862 trithorax trx 
FBgn0031760 Tetraspanin 26A Tsp26A 
FBgn0033136 Tetraspanin 42Eo Tsp42Eo 
FBgn0033261 under-developed udd 
FBgn0026755 UDP-glycosyltransferase 37b1 Ugt37b1 
FBgn0029687 VAMP-associated protein 33kDa Vap33 
FBgn0004050 zeste z 
FBgn0004606 Zn finger homeodomain 1 zfh1 
FBgn0010339 upstream of RpIII128 128up 
FBgn0033749 achintya achi 
FBgn0002855 Accessory gland protein 26Aa Acp26Aa 
FBgn0034153 Accessory gland protein 53C14b Acp53C14b 
FBgn0024913 Activin-beta Actbeta 
FBgn0040508 ACXC ACXC 
FBgn0000053 adenosine 3 ade3 
FBgn0000057 adipose adp 
FBgn0015011 Adenosylhomocysteinase like 2 AhcyL2 
FBgn0000061 aristaless al 
FBgn0040505 Anaplastic lymphoma kinase Alk 
FBgn0035657 alpha Karyopherin-4 alphaKap4 
FBgn0250791 alpha Soluble NSF attachment protein alphaSnap 
FBgn0011746 anachronism ana 
FBgn0000094 Andropin Anp 
FBgn0026268 antdh antdh 
FBgn0267978 apterous ap 
FBgn0030089 Adaptor Protein complex 1, gamma 
subunit 
AP-1gamma 
FBgn0039132 Adaptor Protein complex 1, sigma subunit AP-1sigma 
FBgn0029879 Anaphase Promoting Complex subunit 7 APC7 
FBgn0026150 Aminopeptidase P ApepP 
FBgn0015904 araucan ara 
FBgn0013750 ADP ribosylation factor at 51F Arf51F 
FBgn0041164 armitage armi 
FBgn0000120 Arrestin 1 Arr1 
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FBgn0014006 Apoptotic signal-regulating kinase 1 Ask1 
FBgn0270926 Asparagine synthetase AsnS 
FBgn0039595 Allatostatin A receptor 2 AstA-R2 
FBgn0261823 Additional sex combs Asx 
FBgn0028550 Activating transcription factor 3 Atf3 
FBgn0000153 black b 
FBgn0025716 Brahma associated protein 55kD Bap55 
FBgn0000163 bazooka baz 
FBgn0035741 Bardet-Biedl syndrome 1 BBS1 
FBgn0039625 beta4GalNAcTB beta4GalNAcTB 
FBgn0000179 bifid bi 
FBgn0050362 borrelly boly 
FBgn0027535 brother of tout-velu botv 
FBgn0000216 Bearded Brd 
FBgn0030228 BTB (POZ) domain containing 9 BTBD9 
FBgn0259176 bunched bun 
FBgn0040236 c11.1 c11.1 
FBgn0032078 Core 1 Galactosyltransferase A C1GalTA 
FBgn0039709 Cadherin 99C Cad99C 
FBgn0262166 calypso calypso 
FBgn0000253 Calmodulin Cam 
FBgn0264607 Calcium/calmodulin-dependent protein 
kinase II 
CaMKII 
FBgn0010015 Calcineurin A1 CanA1 
FBgn0086757 centrosomin's beautiful sister cbs 
FBgn0034197 Chitin deacetylase-like 9 Cda9 
FBgn0000277 Cecropin A2 CecA2 
FBgn0037315 Ceramide kinase Cerk 
FBgn0036018 - CG3335 
FBgn0266566 - CG45105 
FBgn0030592 - CG9514 
FBgn0023395 Chd3 Chd3 
FBgn0032888 Chemosensory protein B 38c CheB38c 
FBgn0022700 Chitinase 4 Cht4 
FBgn0026084 ciboulot cib 
FBgn0010314 Cyclin-dependent kinase subunit 30A Cks30A 
FBgn0033730 Cuticular protein 49Ag Cpr49Ag 
FBgn0000377 crooked neck crn 
FBgn0020496 C-terminal Binding Protein CtBP 
FBgn0038681 Cyp12a4 Cyp12a4 
FBgn0036910 Cyp305a1 Cyp305a1 
FBgn0030367 Cyp311a1 Cyp311a1 
FBgn0038076 Cyp313a4 Cyp313a4 
FBgn0031693 Cyp4ac1 Cyp4ac1 
FBgn0011576 Cytochrome P450-4d2 Cyp4d2 
FBgn0030304 Cyp4g15 Cyp4g15 
FBgn0033304 Cyp6a13 Cyp6a13 
FBgn0013773 Cyp6a22 Cyp6a22 
FBgn0022699 D19B D19B 
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FBgn0025641 Dishevelled Associated Activator of 
Morphogenesis 
DAAM 
FBgn0263864 Death-associated APAF1-related killer Dark 
FBgn0262636 datilografo dati 
FBgn0067779 debra dbr 
FBgn0013799 Deformed epidermal autoregulatory 
factor-1 
Deaf1 
FBgn0086251 deadlock del 
FBgn0037832 Desiccate Desi 
FBgn0012344 Diuretic hormone 44 Dh44 
FBgn0260635 Death-associated inhibitor of apoptosis 1 Diap1 
FBgn0033248 Dicarboxylate carrier 3 Dic3 
FBgn0261397 dilute class unconventional myosin didum 
FBgn0000455 Dipeptidase C Dip-C 
FBgn0030276 Dynein light intermediate chain Dlic 
FBgn0037554 DNApol-iota DNApol-iota 
FBgn0035956 Dorsocross2 Doc2 
FBgn0000490 decapentaplegic dpp 
FBgn0032233 defective proboscis extension response 19 dpr19 
FBgn0015664 DNA replication-related element factor Dref 
FBgn0283461 Drosomycin Drs 
   
FBgn0000499 dishevelled dsh 
FBgn0002629 Enhancer of split m4, Bearded family 
member 
E(spl)m4-BFM 
FBgn0002631 Enhancer of split m5, helix-loop-helix E(spl)m5-HLH 
FBgn0008646 E5 E5 
FBgn0004181 Ejaculatory bulb protein Ebp 
FBgn0011694 Ejaculatory bulb protein II EbpII 
FBgn0035766 Establishment of cohesion eco 
FBgn0086712 Enigma Egm 
FBgn0026250 Eukaryotic initiation factor 1A eIF-1A 
FBgn0014849 Eig71Ei Eig71Ei 
FBgn0031604 Elongator complex protein 3 Elp3 
FBgn0034433 Endophilin B EndoB 
FBgn0036319 Equilibrative nucleoside transporter 3 Ent3 
FBgn0264672 EGF-domain O-GlcNAc transferase Eogt 
FBgn0005659 Ets at 98B Ets98B 
FBgn0028379 farinelli fan 
FBgn0000633 faint sausage fas 
FBgn0262742 Fasciclin 1 Fas1 
FBgn0000636 Fasciclin 3 Fas3 
FBgn0030555 F box and leucine-rich-repeat gene 4 Fbxl4 
FBgn0004896 forkhead domain 59A fd59A 
FBgn0030090 forked end fend 
FBgn0030241 fascetto feo 
FBgn0030092 frataxin fh 
FBgn0025519 fidipidine fidipidine 
FBgn0039969 Fission, mitochondrial 1 Fis1 
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FBgn0036688 Fermitin 2 Fit2 
FBgn0029174 FK506-binding protein FKBP59 FKBP59 
FBgn0000709 flightless I fliI 
FBgn0033079 Flavin-containing monooxygenase 2 Fmo-2 
FBgn0000715 FMRFamide FMRFa 
FBgn0035385 FMRFamide Receptor FMRFaR 
FBgn0011591 fringe fng 
FBgn0086698 fritz frtz 
FBgn0004811 female sterile (2) ltoPP43 fs(2)ltoPP43 
FBgn0001079 fused fu 
FBgn0026718 fu12 fu12 
FBgn0032117 FucTB FucTB 
FBgn0004435 G protein alpha q subunit Galphaq 
FBgn0263200 Galactose-1-phosphate uridylyltransferase Galt 
FBgn0032223 GATAd GATAd 
FBgn0025592 Glycerol kinase 1 Gk1 
FBgn0035266 Glycerol kinase 2 Gk2 
FBgn0015229 gliolectin glec 
FBgn0004919 goliath gol 
FBgn0063368 Glycoprotein hormone beta 5 Gpb5 
FBgn0264495 grappa gpp 
FBgn0264556 Gustatory receptor 39a Gr39a 
FBgn0045469 Gustatory receptor 93c Gr93c 
FBgn0041224 Gustatory receptor 97a Gr97a 
FBgn0001137 gurken grk 
FBgn0019982 GS1-like Gs1l 
FBgn0010044 Glutathione S transferase D8 GstD8 
FBgn0037697 Glutathione S transferase Z2 GstZ2 
FBgn0032812 Hakai Hakai 
FBgn0008636 homeobrain hbn 
FBgn0005619 Histidine decarboxylase Hdc 
FBgn0011771 HEM-protein Hem 
FBgn0050147 Hillarin Hil 
FBgn0261434 huckebein hkb 
FBgn0037933 Heme oxygenase Ho 
FBgn0038755 Heparan sulfate 6-O-sulfotransferase Hs6st 
FBgn0026417 Hus1-like Hus1-like 
FBgn0033382 alpha/beta hydrolase 1 Hydr1 
FBgn0037657 hyrax hyx 
FBgn0086693 inactive iav 
FBgn0037050 ICA69 ICA69 
FBgn0020416 Imaginal disc growth factor 1 Idgf1 
FBgn0262735 IGF-II mRNA-binding protein Imp 
FBgn0001253 Ecdysone-inducible gene E1 ImpE1 
FBgn0001255 Ecdysone-inducible gene E3 ImpE3 
FBgn0001258 Ecdysone-inducible gene L3 ImpL3 
FBgn0261383 Integrator 6 IntS6 
FBgn0036053 calcium-independent phospholipase A2 
VIA 
iPLA2-VIA 
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FBgn0036937 Ionotropic receptor 76b Ir76b 
FBgn0038789 Ionotropic receptor 92a Ir92a 
FBgn0265042 Inwardly rectifying potassium channel 1 Irk1 
FBgn0027654 jdp jdp 
FBgn0034076 Juvenile hormone esterase duplication Jhedup 
FBgn0028426 Juvenile hormone-inducible protein 1 JhI-1 
FBgn0025820 JTBR JTBR 
FBgn0040207 katanin 80 kat80 
FBgn0002578 Kazal-type protease inhibitor m1 Kaz-m1 
FBgn0001308 Kinesin heavy chain Khc 
FBgn0001316 klarsicht klar 
FBgn0030268 Kinesin-like protein at 10A Klp10A 
FBgn0011606 Kinesin-like protein at 3A Klp3A 
FBgn0034827 Kinesin-like protein at 59D Klp59D 
FBgn0265003 klaroid koi 
FBgn0001325 Kruppel Kr 
FBgn0015721 king tubby ktub 
FBgn0037163 lazaro laza 
FBgn0020641 Lcp65Ad Lcp65Ad 
FBgn0040096 lectin-33A lectin-33A 
FBgn0261524 licorne lic 
FBgn0033855 link link 
FBgn0250903 lemming A lmgA 
FBgn0261068 Like Sm 7 LSm7 
FBgn0010602 lesswright lwr 
FBgn0004429 Lysozyme P LysP 
FBgn0037546 muscarinic Acetylcholine Receptor, B-
type 
mAChR-B 
FBgn0011648 Mothers against dpp Mad 
FBgn0037481 MAGE MAGE 
FBgn0002571 Maltase A3 Mal-A3 
FBgn0033297 Maltase A8 Mal-A8 
FBgn0027950 Methyl-CpG binding domain protein-like MBD-like 
FBgn0020633 Minichromosome maintenance 7 Mcm7 
FBgn0032116 Multicopper oxidase-1 Mco1 
FBgn0023549 Monocarboxylate transporter 1 Mct1 
FBgn0034707 Mediator complex subunit 16 MED16 
FBgn0034795 Mediator complex subunit 23 MED23 
FBgn0002716 meiotic W68 mei-W68 
FBgn0050021 menage a trois metro 
FBgn0004228 midgut expression 1 mex1 
FBgn0014342 meiosis I arrest mia 
FBgn0029002 midkine and pleiotrophin 2 miple2 
FBgn0002783 moira mor 
FBgn0033773 Mos oncogene Mos 
FBgn0032456 Multidrug-Resistance like Protein 1 MRP 
FBgn0033208 mitochondrial ribosomal protein L52 mRpL52 
FBgn0033907 mitochondrial ribosomal protein S16 mRpS16 
FBgn0032849 mitochondrial ribosomal protein S18B mRpS18B 
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FBgn0011581 Myosuppressin Ms 
FBgn0261529 male sterile (2) 34Fe ms(2)34Fe 
FBgn0011666 musashi msi 
FBgn0004414 male-specific opa containing gene msopa 
FBgn0037960 methuselah-like 5 mthl5 
FBgn0266369 Microsomal triacylglycerol transfer 
protein 
Mtp 
FBgn0052580 Mucin 14A Muc14A 
FBgn0002905 mutagen-sensitive 308 mus308 
FBgn0085444 muscle wasted mute 
FBgn0033379 Mystery 45A Mys45A 
FBgn0029762 Nutrient Amino Acid Transporter 1 NAAT1 
FBgn0038045 N-acetylneuraminic acid synthase NANS 
FBgn0034650 Negative Cofactor 2alpha NC2alpha 
FBgn0027570 Neprilysin 2 Nep2 
FBgn0032848 nessun dorma nesd 
FBgn0002932 neuralized neur 
FBgn0028997 nmdyn-D7 nmdyn-D7 
FBgn0261710 no circadian temperature entrainment nocte 
FBgn0085428 NADPH oxidase Nox 
FBgn0261675 Niemann-Pick type C-1b Npc1b 
FBgn0027109 neuropeptide F NPF 
FBgn0266284 Nucleostemin 3 Ns3 
FBgn0052190 NUCB1 NUCB1 
FBgn0262647 Nucleoporin 160kD Nup160 
FBgn0039301 Nucleoporin 37kD Nup37 
FBgn0263232 Nuclear export factor 3 Nxf3 
FBgn0024944 Octopamine receptor in mushroom bodies Oamb 
FBgn0050277 Organic anion transporting polypeptide 
58Da 
Oatp58Da 
FBgn0043539 Odorant-binding protein 22a Obp22a 
FBgn0046880 Odorant-binding protein 56b Obp56b 
FBgn0034474 Odorant-binding protein 56g Obp56g 
FBgn0046878 Odorant-binding protein 83cd Obp83cd 
FBgn0053983 obstructor-H obst-H 
FBgn0036940 obstructor-J obst-J 
FBgn0004514 Octopamine-Tyramine receptor Oct-TyrR 
FBgn0041585 olf186-F olf186-F 
FBgn0003008 orange or 
FBgn0028963 Odorant receptor 49b Or49b 
FBgn0036078 Odorant receptor 67c Or67c 
FBgn0039582 Odorant receptor 98b Or98b 
FBgn0021767 optomotor-blind-related-gene-1 org-1 
FBgn0031717 Oscillin Oscillin 
FBgn0037419 Osiris 12 Osi12 
FBgn0037424 Osiris 15 Osi15 
FBgn0283678 Osiris 21 Osi21 
FBgn0039044 p53 p53 
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FBgn0037138 delta-1-Pyrroline-5-carboxylate 
dehydrogenase 1 
P5CDh1 
FBgn0265297 poly(A) binding protein pAbp 
FBgn0020389 PAPS synthetase Papss 
FBgn0067864 Patj Patj 
FBgn0020261 pacman pcm 
FBgn0085484 Pyridoxal kinase Pdxk 
FBgn0032482 Phosphoethanolamine 
cytidylyltransferase 
Pect 
FBgn0011207 pelota pelo 
FBgn0053198 presenilin enhancer pen-2 
FBgn0014869 Phosphoglyceromutase Pglym78 
FBgn0026190 prolyl-4-hydroxylase-alpha MP PH4alphaMP 
FBgn0025334 Putative homeodomain protein PHDP 
FBgn0004959 phantom phm 
FBgn0046873 PFTAIRE-interacting factor 2 Pif2 
FBgn0265190 Phosphatidylinositol glycan anchor 
biosynthesis, class S 
PIG-S 
FBgn0003087 pimples pim 
FBgn0039924 Phosphatidylinositol 5-phosphate 4-
kinase 
PIP4K 
FBgn0000489 Protein kinase, cAMP-dependent, 
catalytic subunit 3 
Pka-C3 
FBgn0031069 Peroxisomal Membrane Protein 70 kDa Pmp70 
FBgn0033050 PNGase-like Pngl 
FBgn0250871 papillote pot 
FBgn0011826 Protein phosphatase 2B at 14D Pp2B-14D 
FBgn0046697 Ppr-Y Ppr-Y 
FBgn0032358 Palmitoyl-protein Thioesterase 2 Ppt2 
FBgn0039270 Poly-glutamine tract binding protein 1 PQBP1 
FBgn0032059 Prenyl-binding protein PrBP 
FBgn0026189 prominin-like prominin-like 
FBgn0032492 Proteasome alpha6 subunit, Testis-
specific 
Prosalpha6T 
FBgn0033518 Peroxiredoxin 2540-2 Prx2540-2 
FBgn0026379 Phosphatase and tensin homolog Pten 
FBgn0031888 PDGF- and VEGF-related factor 2 Pvf2 
FBgn0028572 quick-to-court qtc 
FBgn0003189 rudimentary r 
FBgn0015793 Rab19 Rab19 
FBgn0031090 Rab35 Rab35 
FBgn0039055 Ras association family member Rassf 
FBgn0038390 Retinoblastoma-family protein 2 Rbf2 
FBgn0265959 retinal degeneration C rdgC 
FBgn0027375 RecQ5 helicase RecQ5 
FBgn0021800 Regulator of eph expression Reph 
FBgn0019940 Rhodopsin 6 Rh6 
FBgn0004400 rhino rhi 
FBgn0004635 rhomboid rho 
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FBgn0044020 Regulator of cullins 2 Roc2 
FBgn0004574 Ras opposite Rop 
FBgn0036621 roquin roq 
FBgn0033998 relative of woc row 
FBgn0017579 Ribosomal protein L14 RpL14 
FBgn0035753 Ribosomal protein L18 RpL18 
FBgn0015288 Ribosomal protein L22 RpL22 
FBgn0034837 Ribosomal protein L22-like RpL22-like 
FBgn0086710 Ribosomal protein L30 RpL30 
FBgn0025286 Ribosomal protein L31 RpL31 
FBgn0066084 Ribosomal protein L41 RpL41 
FBgn0000100 Ribosomal protein LP0 RpLP0 
FBgn0033485 Ribosomal protein LP0-like RpLP0-like 
FBgn0036465 Regulatory particle non-ATPase 12-
related 
Rpn12R 
FBgn0002622 Ribosomal protein S3 RpS3 
FBgn0010408 Ribosomal protein S9 RpS9 
FBgn0039788 Regulatory particle triple-A ATPase 6-
related 
Rpt6R 
FBgn0004584 Recombination repair protein 1 Rrp1 
FBgn0087005 retinophilin rtp 
FBgn0002306 stranded at second sas 
FBgn0003319 Stubble Sb 
FBgn0003339 Sex combs reduced Scr 
FBgn0261385 scraps scra 
FBgn0010415 Syndecan Sdc 
FBgn0067861 Sperm-specific dynein intermediate chain 
1 
Sdic1 
FBgn0038279 Secreted decoy of InR Sdr 
FBgn0033460 Secretory 24AB Sec24AB 
FBgn0266669 Secretory 3 Sec3 
FBgn0033339 Secretory 31 Sec31 
FBgn0031049 Sec61 gamma subunit Sec61gamma 
FBgn0016059 Semaphorin 1b Sema1b 
FBgn0264253 Spermathecal endopeptidase 2 Send2 
FBgn0003380 Shaker Sh 
FBgn0003390 shifted shf 
FBgn0003391 shotgun shg 
FBgn0038880 SIFamide receptor SIFaR 
FBgn0031878 septin interacting protein 2 sip2 
FBgn0032901 skywalker sky 
FBgn0024728 Slip1 Slip1 
FBgn0003448 snail sna 
FBgn0011288 Synaptosomal-associated protein 25kDa Snap25 
FBgn0033631 Superoxide dismutase 3 Sod3 
FBgn0030242 sister of feo sofe 
FBgn0001965 Son of sevenless Sos 
FBgn0039938 Sox102F Sox102F 
FBgn0036411 Sox21a Sox21a 
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FBgn0032368 sperm-associated antigen 4 spag4 
FBgn0039102 Spatzle-Processing Enzyme SPE 
FBgn0003480 spindle B spn-B 
FBgn0003482 spindle D spn-D 
FBgn0040273 Spt5 Spt5 
FBgn0020377 Scavenger receptor class C, type II Sr-CII 
FBgn0262112 shroud sro 
FBgn0052667 short spindle 7 ssp7 
FBgn0024836 starry night stan 
FBgn0050462 ste24c prenyl protease type I ste24c 
FBgn0002466 sticky sti 
FBgn0004837 Suppressor of Hairless Su(H) 
FBgn0003598 Suppressor of variegation 3-7 Su(var)3-7 
FBgn0028563 sugar transporter 1 sut1 
FBgn0003651 seven up svp 
FBgn0003655 swallow swa 
FBgn0038826 Syncrip Syp 
FBgn0026620 transforming acidic coiled-coil protein tacc 
FBgn0011290 TBP-associated factor 12 Taf12 
FBgn0010356 TBP-associated factor 5 Taf5 
FBgn0010417 TBP-associated factor 6 Taf6 
FBgn0022724 TBP-associated factor 8 Taf8 
FBgn0263602 Taspase 1 Tasp1 
FBgn0266579 tau tau 
FBgn0051679 Testis EndoG-Like 3 Tengl3 
FBgn0023479 Tequila teq 
FBgn0031321 tRNA-guanine transglycosylase Tgt 
FBgn0038018 Tim17a1 Tim17a1 
FBgn0004110 tinman tin 
FBgn0003720 tailless tll 
FBgn0016041 Translocase of outer membrane 40 Tom40 
FBgn0040268 Topoisomerase 3alpha Top3alpha 
FBgn0267351 Topoisomerase I-interacting protein Topors 
FBgn0003733 torso tor 
FBgn0025615 Torsin Torsin 
FBgn0031701 Turandot M TotM 
FBgn0033027 Troponin C isoform 4 TpnC4 
FBgn0010423 Troponin C at 47D TpnC47D 
FBgn0003742 transformer 2 tra2 
FBgn0033644 Trehalose transporter 1-2 Tret1-2 
FBgn0010287 TBP-related factor Trf 
FBgn0035187 Tryptophan hydroxylase Trh 
FBgn0024277 trio trio 
FBgn0266722 TRAPP subunit 33 Trs33 
FBgn0003865 twisted gastrulation tsg 
FBgn0036666 Tumor susceptibility gene 101 TSG101 
FBgn0029508 Tetraspanin 42Ea Tsp42Ea 
FBgn0029507 Tetraspanin 42Ed Tsp42Ed 
FBgn0086368 twisted tw 
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FBgn0039444 TweedleD TwdlD 
FBgn0037225 TweedleG TwdlG 
FBgn0039437 TweedleL TwdlL 
FBgn0004436 Ubiquitin conjugating enzyme 6 Ubc6 
FBgn0035978 UGP UGP 
FBgn0027603 Ulp1 Ulp1 
FBgn0025549 unc-119 unc-119 
FBgn0003961 Urate oxidase Uro 
FBgn0030262 Vago Vago 
FBgn0040069 vanin-like vanin-like 
FBgn0053200 Ventrally-expressed protein D VepD 
FBgn0033911 Vesicular GABA Transporter VGAT 
FBgn0028671 Vacuolar H[+] ATPase 100kD subunit 1 Vha100-1 
FBgn0263598 Vacuolar H[+] ATPase 68 kDa subunit 2 Vha68-2 
FBgn0053117 Victoria Victoria 
FBgn0052418 viriato vito 
FBgn0260935 Vacuolar protein sorting 15 Vps15 
FBgn0262560 wicked wcd 
FBgn0027492 widerborst wdb 
FBgn0010328 without children woc 
FBgn0033770 Wake-up-call wuc 
FBgn0030931 X-ray repair cross complementing 2 Xrcc2 
FBgn0032601 yellow-b yellow-b 
FBgn0041712 yellow-d yellow-d 
FBgn0041711 yellow-e yellow-e 
FBgn0005596 yemanuclein yem 
FBgn0040060 yippee interacting protein 7 yip7 
FBgn0011556 zetaTrypsin zetaTry 
FBgn0039902 Zinc/iron regulated transporter-related 
protein 102B 
Zip102B 
FBgn0036461 Zinc/iron regulated transporter-related 
protein 71B 
Zip71B 
FBgn0031216 Zizimin-related Zir 
FBgn0011642 Zyxin Zyx 
FBgn0015583 Accessory gland protein 29AB Acp29AB 
FBgn0031298 Autophagy-related 4a Atg4a 
FBgn0038325 Autophagy-related 4b Atg4b 
FBgn0000147 aurora A aurA 
FBgn0031563 - CG10031 
FBgn0038014 - CG10041 
FBgn0035697 - CG10163 
FBgn0035688 - CG10289 
FBgn0032839 - CG10659 
FBgn0032857 - CG10947 
FBgn0034721 - CG11298 
FBgn0037454 - CG1137 
FBgn0039303 - CG11857 
FBgn0027903 - CG12018 
FBgn0035285 - CG12025 
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FBgn0039419 - CG12290 
FBgn0033558 - CG12344 
FBgn0030868 - CG12986 
FBgn0032770 - CG13086 
FBgn0032126 - CG13113 
FBgn0036442 - CG13473 
FBgn0034906 - CG13561 
FBgn0035012 - CG13590 
FBgn0031270 - CG13689 
FBgn0036781 - CG13699 
FBgn0032312 - CG14071 
FBgn0039483 - CG14259 
FBgn0033278 - CG14759 
FBgn0027795 - CG14785 
FBgn0035734 - CG14823 
FBgn0035799 - CG14838 
FBgn0040733 - CG15068 
FBgn0031580 - CG15423 
FBgn0029700 - CG15576 
FBgn0033090 - CG15909 
FBgn0033454 - CG1671 
FBgn0038881 - CG16791 
FBgn0032297 - CG17124 
FBgn0039942 - CG17163 
FBgn0039993 - CG17691 
FBgn0034898 - CG18128 
FBgn0033434 - CG1902 
FBgn0022349 - CG1910 
FBgn0025838 - CG2652 
FBgn0050380 - CG30380 
FBgn0050413 - CG30413 
FBgn0051226 - CG31226 
FBgn0051948 - CG31948 
FBgn0052141 - CG32141 
FBgn0052939 - CG32939 
FBgn0053680 - CG33680 
FBgn0085256 - CG34227 
FBgn0085334 - CG34305 
FBgn0085376 - CG34347 
FBgn0035005 - CG3483 
FBgn0035033 - CG3548 
FBgn0029708 - CG3556 
FBgn0035088 - CG3776 
FBgn0029867 - CG3847 
FBgn0038783 - CG4367 
FBgn0040984 - CG4440 
FBgn0035981 - CG4452 
FBgn0035971 - CG4477 
FBgn0031895 - CG4497 
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FBgn0032160 - CG4598 
FBgn0031318 - CG4887 
FBgn0032246 - CG5168 
FBgn0034290 - CG5773 
FBgn0039158 - CG6182 
FBgn0033872 - CG6329 
FBgn0039453 - CG6403 
FBgn0036104 - CG6418 
FBgn0037846 - CG6574 
FBgn0039026 - CG7029 
FBgn0038849 - CG7079 
FBgn0032284 - CG7294 
FBgn0038533 - CG7523 
FBgn0036159 - CG7557 
FBgn0039670 - CG7567 
FBgn0036417 - CG7906 
FBgn0028534 - CG7916 
FBgn0036043 - CG8177 
FBgn0030841 - CG8568 
FBgn0038130 - CG8630 
FBgn0028920 - CG8997 
FBgn0030628 - CG9114 
FBgn0038161 - CG9269 
FBgn0038181 - CG9297 
FBgn0032080 - CG9525 
FBgn0038361 - CG9589 
FBgn0034783 - CG9825 
FBgn0031441 - CG9962 
FBgn0034553 - CG9993 
FBgn0038071 Dpp target gene Dtg 
FBgn0027506 Egg-derived tyrosine phosphatase EDTP 
FBgn0067102 Ceramide glucosyltransferase GlcT-1 
FBgn0283450 Glyoxalase 1 Glo1 
FBgn0010607 lethal (2) 05714 l(2)05714 
FBgn0261286 Maternal transcript 89Ba Mat89Ba 
FBgn0015772 Numb-associated kinase Nak 
FBgn0033043 Odorant receptor 42b Or42b 
FBgn0016715 Rhythmically expressed gene 2 Reg-2 
FBgn0033571 Rpb5 Rpb5 
FBgn0033785 Scaffold protein containing ankyrin 
repeats and SAM domain 
Sans 
FBgn0028541 Transmembrane 9 superfamily protein 
member 4 
TM9SF4 
FBgn0003900 twist twi 
FBgn0003965 vermilion v 
FBgn0283469 Vacuolar protein sorting 4 Vps4 
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Appendix A.3 kn targets from knot regulatory network 
Table showing the different targets of D.melanogaster for kn regulatory network. Symbol column 
has the gene symbols, FBGN ID column has the Flybase ID symbols and Name column has the gene 
Symbol. Genes part of different analysis  are highlighte. Legend below for the color codes. 
Legend 
  Pearson and Differential Expression (DE) analysis 
  Pearson, Distance and DE 
  Pearson, Distance,DE and DAMID 
  Pearson, DE and DAMID 
  Distance, DE and DAMID 
 
SYMBOL FBGN ID NAME 
Amy-d FBgn0000078 Amylase distal 
ApepP FBgn0026150 Aminopeptidase P 
Capa FBgn0039722 Capability 
CG11137 FBgn0037199 - 
Amnionless FBgn0025686 Amnionless 
Sfxn1-3 FBgn0037239 Sideroflexin 1/3 
CG12279 FBgn0038080 - 
CG12338 FBgn0033543 - 
beta-Man FBgn0037215 beta-Mannosidase 
CG13001 FBgn0030806 - 
CG13230 FBgn0040764 - 
CG1368 FBgn0030539 - 
Pfdn1 FBgn0031776 Prefoldin 1 
CG14013 FBgn0031720 - 
PCB FBgn0027580 Pyruvate carboxylase 
CG17019 FBgn0033783 - 
CG17290 FBgn0034201 - 
CG18368 FBgn0033864 - 
Sf3b1 FBgn0031266 Splicing factor 3b subunit 1 
CG2812 FBgn0034931 - 
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CG2962 FBgn0030186 - 
CG31086 FBgn0051086 - 
CG32022 FBgn0052022 - 
CG32452 FBgn0052452 - 
CG32603 FBgn0052603 - 
CG43689 FBgn0263772 - 
CG33333 FBgn0053333 - 
CG34205 FBgn0085234 - 
CG42346 FBgn0259677 - 
CG5180 FBgn0043457 - 
CG5484 FBgn0039450 - 
CG7294 FBgn0032284 - 
CG7352 FBgn0037581 - 
CG7518 FBgn0038108 - 
CG7914 FBgn0030995 - 
PAN2 FBgn0033352 
Poly(A)-binding protein-dependent poly(A) 
ribonuclease 2 
Tret1-2 FBgn0033644 Trehalose transporter 1-2 
CG9021 FBgn0031747 - 
CkIIbeta FBgn0000259 Casein kinase II beta subunit 
cm FBgn0000330 carmine 
Cpr60D FBgn0050163 Cuticular protein 60D 
cpx FBgn0041605 complexin 
DNaseII FBgn0000477 Deoxyribonuclease II 
dod FBgn0015379 dodo 
EcR FBgn0000546 Ecdysone receptor 
FeCH FBgn0266268 Ferrochelatase 
Gs2 FBgn0001145 Glutamine synthetase 2 
Hsromega FBgn0001234 Heat shock RNA omega 
Lcp65Ac FBgn0020642 Lcp65Ac 
noe FBgn0026197 noe 
nonA FBgn0004227 no on or off transient A 
Nxt1 FBgn0028411 NTF2-related export protein 1 
Orc4 FBgn0023181 Origin recognition complex subunit 4 
Rab39 FBgn0029959 Rab39 
roX1 FBgn0019661 RNA on the X 1 
RpL30 FBgn0086710 Ribosomal protein L30 
Scamp FBgn0040285 Scamp 
tll FBgn0003720 tailless 
Trxr-1 FBgn0020653 Thioredoxin reductase-1 
14-3-3zeta FBgn0004907 14-3-3zeta 
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7B2 FBgn0041707 7B2 
ArgRS FBgn0027093 Arginyl-tRNA synthetase 
aay FBgn0023129 astray 
Acf FBgn0027620 ATP-dependent chromatin assembly factor large subunit 
Acon FBgn0010100 Aconitase 
Act42A FBgn0000043 Actin 42A 
Act5C FBgn0000042 Actin 5C 
Adf1 FBgn0284249 Adh transcription factor 1 
Adh FBgn0000055 Alcohol dehydrogenase 
AGO2 FBgn0087035 Argonaute 2 
Akap200 FBgn0027932 A kinase anchor protein 200 
Alas FBgn0020764 Aminolevulinate synthase 
Ald FBgn0000064 Aldolase 
Alg-2 FBgn0086378 Apoptosis-linked gene-2 
alpha-Est1 FBgn0015568 alpha-Esterase-1 
alpha-Est9 FBgn0015577 alpha-Esterase-9 
alphaTry FBgn0003863 alphaTrypsin 
amon FBgn0023179 amontillado 
ana FBgn0011746 anachronism 
AP-1sigma FBgn0039132 Adaptor Protein complex 1, sigma subunit 
Arf79F FBgn0010348 ADP ribosylation factor at 79F 
Argk FBgn0000116 Arginine kinase 
arm FBgn0000117 armadillo 
Art7 FBgn0034817 Arginine methyltransferase 7 
Atg2 FBgn0044452 Autophagy-related 2 
ATPsynbeta FBgn0010217 ATP synthase, beta subunit 
bai FBgn0045866 baiser 
betaTub56D FBgn0284243 beta-Tubulin at 56D 
bgm FBgn0027348 bubblegum 
Bin1 FBgn0024491 Bicoid interacting protein 1 
botv FBgn0027535 brother of tout-velu 
br FBgn0283451 broad 
cact FBgn0000250 cactus 
CanA-14F FBgn0267912 Calcineurin A at 14F 
Cap-H2 FBgn0037831 Chromosome associated protein H2 
CBP FBgn0026144 sarcoplasmic calcium-binding protein 
Ccp84Ab FBgn0004782 Ccp84Ab 
Ccp84Ag FBgn0004777 Ccp84Ag 
Cdc27 FBgn0012058 Cell division cycle 27 
Cf2 FBgn0000286 Chorion factor 2 
CG10082 FBgn0034644 - 
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CG10103 FBgn0035715 - 
CG10495 FBgn0032750 - 
CG10510 FBgn0037059 - 
CG10512 FBgn0037057 - 
CG10591 FBgn0035621 - 
CG10616 FBgn0036286 - 
CG10621 FBgn0032726 - 
CG10638 FBgn0036290 - 
CG10778 FBgn0029980 - 
CG10809 FBgn0036052 - 
CG10898 FBgn0037911 - 
CG10911 FBgn0034295 - 
CG10912 FBgn0034296 - 
CG10918 FBgn0031178 - 
CG10924 FBgn0034356 - 
CG10973 FBgn0036306 - 
CG11138 FBgn0030400 - 
CG11248 FBgn0037117 - 
CG11350 FBgn0035552 - 
CG1137 FBgn0037454 - 
CG11378 FBgn0040364 - 
Gbp2 FBgn0034200 Growth-blocking peptide 2 
CG11417 FBgn0024364 - 
CG1143 FBgn0035359 - 
CG11486 FBgn0035397 - 
CG11638 FBgn0040351 - 
CG11710 FBgn0031115 - 
Pa1 FBgn0030294 PTIP associated 1 
CG11781 FBgn0039259 - 
CG11807 FBgn0033996 - 
CG11851 FBgn0039293 - 
CG11911 FBgn0031249 - 
CG11912 FBgn0031248 - 
CG12057 FBgn0030098 - 
CG12081 FBgn0030053 - 
CG12224 FBgn0037974 - 
CG12321 FBgn0038577 - 
CG12355 FBgn0040805 - 
CG12393 FBgn0031768 - 
CG12484 FBgn0086604 - 
CG12746 FBgn0037341 - 
216 
 
CG12825 FBgn0033221 - 
CG13026 FBgn0036656 - 
CG13042 FBgn0036602 - 
CG13059 FBgn0036607 - 
CG13060 FBgn0036606 - 
CG13124 FBgn0032156 - 
exp FBgn0033668 expansion 
CG13231 FBgn0033580 - 
CG13367 FBgn0025634 - 
CG13460 FBgn0036471 - 
CG42260 FBgn0259145 - 
CG13560 FBgn0034899 - 
CG13581 FBgn0035014 - 
REPTOR FBgn0039209 Repressed by TOR 
CG13742 FBgn0033372 - 
Cow FBgn0039054 Carrier of Wingless 
CG13862 FBgn0038942 - 
CG13946 FBgn0040725 - 
Blos4 FBgn0036105 
Biogenesis of lysosome-related organelles complex 1, 
subunit 4 
CG14265 FBgn0040393 - 
CG14302 FBgn0038647 - 
CG14326 FBgn0038528 - 
CG1440 FBgn0030038 - 
CG14422 FBgn0029645 - 
UQCR-6.4 FBgn0034245 Ubiquinol-cytochrome c reductase 6.4 kDa subunit 
Cisd2 FBgn0062442 CDGSH iron sulfur domain 2 
CG14667 FBgn0037317 - 
CG14701 FBgn0037883 - 
CG14752 FBgn0033307 - 
CG14762 FBgn0033250 - 
CG14778 FBgn0029580 - 
CG14785 FBgn0027795 - 
CG14818 FBgn0026088 - 
CG14957 FBgn0035412 - 
CG15168 FBgn0032732 - 
CG43155 FBgn0262685 - 
CG15308 FBgn0040941 - 
CG15322 FBgn0031088 - 
CG1537 FBgn0030260 - 
CG15386 FBgn0040715 - 
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CG15387 FBgn0031403 - 
Prtl99C FBgn0039707 Protamine-like 99C 
CG15597 FBgn0037420 - 
sicily FBgn0030352 severe impairment of CI with lengthened youth 
CG15739 FBgn0030347 - 
CG15767 FBgn0029809 - 
CG15829 FBgn0035743 - 
CG15888 FBgn0038131 - 
CG1637 FBgn0030245 - 
CG16739 FBgn0034505 - 
CG16749 FBgn0037678 - 
CG16756 FBgn0029765 - 
CG16791 FBgn0038881 - 
CG16884 FBgn0028544 - 
CG16885 FBgn0032538 - 
TyrRS-m FBgn0035064 Tyrosyl-tRNA synthetase, mitochondrial 
CG17059 FBgn0040754 - 
CG17107 FBgn0032281 - 
CG17109 FBgn0039051 - 
CG17124 FBgn0032297 - 
CG17127 FBgn0032299 - 
AdSS FBgn0027493 Adenylosuccinate Synthetase 
Culd FBgn0035880 CUB and LDLa domain 
CG17362 FBgn0036393 - 
CG17364 FBgn0036391 - 
CG17376 FBgn0042189 - 
ATPsynC FBgn0039830 ATP synthase, subunit C 
PIP4K FBgn0039924 Phosphatidylinositol 5-phosphate 4-kinase 
Uba5 FBgn0030305 Ubiquitin activating enzyme 5 
Eglp2 FBgn0034883 Entomoglyceroporin 2 
CG17698 FBgn0040056 - 
CG1773 FBgn0033439 - 
CG17816 FBgn0037525 - 
CG18003 FBgn0061356 - 
CG18131 FBgn0031343 - 
CG18179 FBgn0036023 - 
CG18180 FBgn0036024 - 
CG18190 FBgn0034403 - 
CG1824 FBgn0030403 - 
CG18336 FBgn0040763 - 
CG18609 FBgn0034382 - 
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CG18649 FBgn0036469 - 
Nrd1 FBgn0030344 Nardilysin 
CG2076 FBgn0030263 - 
CG2118 FBgn0039877 - 
Zip102B FBgn0039902 Zinc/iron regulated transporter-related protein 102B 
CG2186 FBgn0030243 - 
CG2225 FBgn0032957 - 
CG2685 FBgn0024998 - 
CG2852 FBgn0034753 - 
EMC1 FBgn0037530 ER Membrane protein Complex 1 
tea FBgn0285892 telomere ends associated 
CG30016 FBgn0050016 - 
CG30101 FBgn0050101 - 
CG30122 FBgn0050122 - 
CG30172 FBgn0050172 - 
CG3021 FBgn0040337 - 
CG30285 FBgn0050285 - 
CG30472 FBgn0050472 - 
CG31174 FBgn0051174 - 
CG31221 FBgn0051221 - 
CG31313 FBgn0051313 - 
CG31343 FBgn0051343 - 
CG31464 FBgn0051464 - 
CG31548 FBgn0051548 - 
CG31626 FBgn0051626 - 
CG31775 FBgn0028537 - 
CG31805 FBgn0051805 - 
CG31855 FBgn0051855 - 
CG31937 FBgn0031360 - 
CG44838 FBgn0266101 - 
ND-B17.2 FBgn0031436 NADH dehydrogenase (ubiquinone) B17.2 subunit 
CG32241 FBgn0052241 - 
CG3226 FBgn0029882 - 
CG32284 FBgn0052284 - 
CG32302 FBgn0052302 - 
CG32444 FBgn0043783 - 
CG32500 FBgn0052500 - 
CG32576 FBgn0052576 - 
ssp7 FBgn0052667 short spindle 7 
CG32687 FBgn0052687 - 
CG32850 FBgn0052850 - 
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CG32855 FBgn0052855 - 
CG3292 FBgn0034710 - 
CG33116 FBgn0053116 - 
ATPsynE FBgn0038224 ATP synthase, subunit E 
CG33233 FBgn0053233 - 
CG33306 FBgn0053306 - 
CG3356 FBgn0034989 - 
CG34026 FBgn0054026 - 
CG34029 FBgn0054029 - 
CG34109 FBgn0083945 - 
CG34219 FBgn0085248 - 
CG34227 FBgn0085256 - 
CG42671 FBgn0261553 - 
CG34278 FBgn0085307 - 
CG34305 FBgn0085334 - 
CG3436 FBgn0031229 - 
CG44837 FBgn0266100 - 
CG3793 FBgn0028507 - 
CG3868 FBgn0036422 - 
CG44251 FBgn0265186 - 
CG3887 FBgn0031670 - 
arx FBgn0036826 asterix 
nvd FBgn0259697 neverland 
uex FBgn0262124 unextended 
RNASEK FBgn0262116 Ribonuclease kappa 
CG40228 FBgn0063670 - 
CG41128 FBgn0069923 - 
CG4341 FBgn0028481 - 
CG4362 FBgn0038784 - 
CG4363 FBgn0034663 - 
CG4367 FBgn0038783 - 
CG4585 FBgn0025335 - 
CG4645 FBgn0030435 - 
CG4660 FBgn0029839 - 
CG4734 FBgn0033826 - 
CG4753 FBgn0036622 - 
CG4781 FBgn0035043 - 
CG4822 FBgn0031220 - 
CG4853 FBgn0034230 - 
CG4995 FBgn0032219 - 
CG5011 FBgn0040723 - 
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Dhit FBgn0028743 Double hit 
CG5151 FBgn0036576 - 
CG5167 FBgn0038038 - 
CG5172 FBgn0030830 - 
CG5326 FBgn0038983 - 
l(2)SH0834 FBgn0267365 lethal (2) SH0834 
CG5498 FBgn0027565 - 
CG5500 FBgn0039461 - 
CG5506 FBgn0036766 - 
CG5527 FBgn0039564 - 
CG5773 FBgn0034290 - 
CG5938 FBgn0046247 - 
CG5958 FBgn0031913 - 
CG6005 FBgn0038672 - 
CG6041 FBgn0029826 - 
CG6066 FBgn0039488 - 
caix FBgn0039486 caix 
CG6136 FBgn0038332 - 
CG6179 FBgn0030915 - 
CG6182 FBgn0039158 - 
Gnmt FBgn0038074 Glycine N-methyltransferase 
CG6283 FBgn0039474 - 
CG6295 FBgn0039471 - 
CG6299 FBgn0030641 - 
CG6403 FBgn0039453 - 
Idh3b FBgn0038922 Isocitrate dehydrogenase 3b 
Mitofilin FBgn0019960 Mitofilin 
CG6567 FBgn0037842 - 
CG6839 FBgn0036831 - 
CG7017 FBgn0036951 - 
CG7059 FBgn0038957 - 
CG7130 FBgn0037151 - 
CG7220 FBgn0033544 - 
CG7272 FBgn0036501 - 
CG7290 FBgn0036949 - 
CG7299 FBgn0032282 - 
CG7324 FBgn0037074 - 
CG7377 FBgn0036176 - 
CG7519 FBgn0037087 - 
CG7616 FBgn0036142 - 
CG7631 FBgn0028945 - 
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CG7675 FBgn0038610 - 
CG7715 FBgn0038646 - 
Zip99C FBgn0039714 Zinc/iron regulated transporter-related protein 99C 
CG7920 FBgn0039737 - 
CG7953 FBgn0028533 - 
CG7968 FBgn0028532 - 
CG7971 FBgn0035253 - 
CG8080 FBgn0033373 - 
CG8086 FBgn0032010 - 
CG8087 FBgn0038241 - 
CG8097 FBgn0030660 - 
CG8134 FBgn0030671 - 
CG8209 FBgn0035830 - 
CG8223 FBgn0037624 - 
CG8349 FBgn0032003 - 
CG8372 FBgn0032000 - 
CG8475 FBgn0031995 - 
CG8629 FBgn0035742 - 
eIF3g1 FBgn0029629 eukaryotic translation initiation factor 3 subunit g1 
CG8664 FBgn0030836 - 
CG8909 FBgn0030706 - 
tapas FBgn0027529 tapas 
CG8929 FBgn0034504 - 
CG8950 FBgn0034186 - 
CG8997 FBgn0028920 - 
CG9005 FBgn0033638 - 
CG9040 FBgn0036394 - 
tfc FBgn0035199 triforce 
CG9380 FBgn0035094 - 
CG9568 FBgn0032087 - 
CG9590 FBgn0038360 - 
CG9682 FBgn0039760 - 
CG9757 FBgn0003060 - 
eIF3f1 FBgn0037270 eukaryotic translation initiation factor 3 subunit f1 
CG9795 FBgn0037234 - 
CG9821 FBgn0037636 - 
CG9853 FBgn0086605 - 
AhcyL1 FBgn0035371 Adenosylhomocysteinase like 1 
Chd64 FBgn0035499 Chd64 
CHKov1 FBgn0045761 CHKov1 
cib FBgn0026084 ciboulot 
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Cip4 FBgn0035533 Cdc42-interacting protein 4 
CkIIalpha FBgn0264492 casein kinase IIalpha 
Cp1 FBgn0013770 Cysteine proteinase-1 
Cp7Fa FBgn0014464 Chorion protein a at 7F 
Cpr31A FBgn0053302 Cuticular protein 31A 
Cpr47Ec FBgn0033600 Cuticular protein 47Ec 
Cpr47Eg FBgn0086519 Cuticular protein 47Eg 
Cpr57A FBgn0034517 Cuticular protein 57A 
Cpr62Bb FBgn0035280 Cuticular protein 62Bb 
Cpr62Bc FBgn0035281 Cuticular protein 62Bc 
Cpr64Ab FBgn0035511 Cuticular protein 64Ab 
Cpr64Ad FBgn0035513 Cuticular protein 64Ad 
Cpr65Av FBgn0052405 Cuticular protein 65Av 
Cpr65Ax2 FBgn0042118 Cuticular protein 65Ax2 
Cpr65Ea FBgn0035735 Cuticular protein 65Ea 
Cpr67Fa1 FBgn0036108 Cuticular protein 67Fa1 
Cpr67Fb FBgn0036110 Cuticular protein 67Fb 
Cpr78Cc FBgn0037069 Cuticular protein 78Cc 
Cpr78E FBgn0037114 Cuticular protein 78E 
CREG FBgn0025456 Cellular Repressor of E1A-stimulated Genes 
crn FBgn0000377 crooked neck 
CSN8 FBgn0261437 COP9 signalosome subunit 8 
Csp FBgn0004179 Cysteine string protein 
CtBP FBgn0020496 C-terminal Binding Protein 
Ctr1B FBgn0062412 Copper transporter 1B 
Cyp12a5 FBgn0038680 Cyp12a5 
Cyp4p2 FBgn0033395 Cyp4p2 
Cyp9b1 FBgn0015038 Cytochrome P450-9b1 
cype FBgn0015031 cyclope 
Cys FBgn0004629 Cystatin-like 
Cyt-b5-r FBgn0000406 Cytochrome b5-related 
Dbp80 FBgn0024804 Dead box protein 80 
DCP1 FBgn0034921 Decapping protein 1 
SmF FBgn0000426 Small ribonucleoprotein particle protein SmF 
SmF FBgn0000426 Small ribonucleoprotein particle protein SmF 
deltaTry FBgn0010358 deltaTrypsin 
Ada3 FBgn0030891 transcriptional Adaptor 3 
Dlc90F FBgn0024432 Dynein light chain 90F 
DnaJ-60 FBgn0260775 DnaJ-like-60 
Dop1R2 FBgn0266137 Dopamine 1-like receptor 2 
Dp FBgn0011763 DP transcription factor 
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Dph5 FBgn0024558 Diphthamide methyltransferase 
dpr14 FBgn0029974 defective proboscis extension response 14 
dpr2 FBgn0261871 defective proboscis extension response 2 
dpr8 FBgn0052600 defective proboscis extension response 8 
Drs FBgn0283461 Drosomycin 
Dsor1 FBgn0010269 Downstream of raf1 
Dyrk3 FBgn0027101 
Dual-specificity tyrosine phosphorylation-regulated 
kinase 3 
Eb1 FBgn0027066 Eb1 
eEF2 FBgn0000559 eukaryotic translation elongation factor 2 
eEF2 FBgn0000559 eukaryotic translation elongation factor 2 
eIF2Balpha FBgn0039726 eukaryotic translation initiation factor 2B subunit alpha 
Eip63F-1 FBgn0004910 Ecdysone-induced protein 63F 1 
elfless FBgn0032660 elfless 
Eno FBgn0000579 Enolase 
epsilonTry FBgn0010425 epsilonTrypsin 
esg FBgn0001981 escargot 
etaTry FBgn0011554 etaTrypsin 
ETHR FBgn0038874 ETHR 
ewg FBgn0005427 erect wing 
fd59A FBgn0004896 forkhead domain 59A 
Fkbp14 FBgn0010470 FK506-binding protein 14 
fliI FBgn0000709 flightless I 
fok FBgn0263773 fledgling of Klp38B 
fon FBgn0032773 fondue 
fs(1)Yb FBgn0000928 female sterile (1) Yb 
FucT6 FBgn0030327 alpha1,6-fucosyltransferase 
Gapdh2 FBgn0001092 Glyceraldehyde 3 phosphate dehydrogenase 2 
Gasp FBgn0026077 Gasp 
Gbeta13F FBgn0001105 G protein beta-subunit 13F 
Gdh FBgn0001098 Glutamate dehydrogenase 
Gel FBgn0010225 Gelsolin 
GluRIA FBgn0004619 Glutamate receptor IA 
Gpdh FBgn0001128 Glycerol 3 phosphate dehydrogenase 
GSS FBgn0030882 Glutathione Synthetase 
GXIVsPLA2 FBgn0036545 GXIVsPLA2 
Gycalpha99B FBgn0013972 Guanylyl cyclase alpha-subunit at 99B 
hep FBgn0010303 hemipterous 
Hil FBgn0050147 Hillarin 
HmgD FBgn0004362 High mobility group protein D 
Hmgs FBgn0010611 HMG Coenzyme A synthase 
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HmgZ FBgn0010228 HMG protein Z 
hoe1 FBgn0041150 hoepel1 
homer FBgn0025777 homer 
hrg FBgn0015949 hiiragi 
Idh FBgn0001248 Isocitrate dehydrogenase 
Invadolysin FBgn0086359 Invadolysin 
IP3K2 FBgn0283680 Inositol 1,4,5-triphosphate kinase 2 
janA FBgn0001280 janus A 
Jon25Biii FBgn0031653 Jonah 25Biii 
Jon65Ai FBgn0035667 Jonah 65Ai 
Jon65Aii FBgn0035666 Jonah 65Aii 
Jon66Cii FBgn0035887 Jonah 66Cii 
Jon99Ci FBgn0003358 Jonah 99Ci 
Jon99Fi FBgn0039778 Jonah 99Fi 
Jon99Fii FBgn0039777 Jonah 99Fii 
Kap-alpha3 FBgn0027338 karyopherin alpha3 
Khc-73 FBgn0019968 Kinesin heavy chain 73 
kuz FBgn0259984 kuzbanian 
l(1)G0289 FBgn0028331 lethal (1) G0289 
MFS14 FBgn0010651 Major Facilitator Superfamily Transporter 14 
l(2)k14710 FBgn0021847 lethal (2) k14710 
l(2)not FBgn0011297 lethal (2) neighbor of tid 
lambdaTry FBgn0043470 lambdaTry 
Lcp1 FBgn0002531 Larval cuticle protein 1 
Lcp2 FBgn0002533 Larval cuticle protein 2 
Lcp3 FBgn0002534 Larval cuticle protein 3 
Lcp65Ab2 FBgn0020643 Lcp65Ab2 
Lcp65Af FBgn0020639 Lcp65Af 
Lcp65Ag2 FBgn0020637 Lcp65Ag2 
Lcp9 FBgn0025578 Larval cuticle protein 9 
lva FBgn0029688 lava lamp 
LysE FBgn0004428 Lysozyme E 
MAGE FBgn0037481 MAGE 
mam FBgn0002643 mastermind 
me31B FBgn0004419 maternal expression at 31B 
MED15 FBgn0027592 Mediator complex subunit 15 
MESK2 FBgn0043070 Misexpression suppressor of KSR 2 
mex1 FBgn0004228 midgut expression 1 
Mgstl FBgn0025814 Microsomal glutathione S-transferase-like 
miple1 FBgn0027111 midkine and pleiotrophin 1 
miple2 FBgn0029002 midkine and pleiotrophin 2 
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mod(mdg4) FBgn0002781 modifier of mdg4 
Moe FBgn0011661 Moesin 
mre11 FBgn0020270 meiotic recombination 11 
MrgBP FBgn0033341 MRG/MORF4L binding protein 
mRpL36 FBgn0042112 mitochondrial ribosomal protein L36 
mRpL40 FBgn0037892 mitochondrial ribosomal protein L40 
mRpL43 FBgn0034893 mitochondrial ribosomal protein L43 
mRpL52 FBgn0033208 mitochondrial ribosomal protein L52 
msi FBgn0011666 musashi 
Mst84Da FBgn0004172 Male-specific RNA 84Da 
Mst98Ca FBgn0002865 Male-specific RNA 98Ca 
ND-ACP FBgn0011361 NADH dehydrogenase (ubiquinone) acyl carrier protein 
MtnA FBgn0002868 Metallothionein A 
MtnB FBgn0002869 Metallothionein B 
nAChRalpha6 FBgn0032151 nicotinic Acetylcholine Receptor alpha6 
NC2alpha FBgn0034650 Negative Cofactor 2alpha 
ncm FBgn0086707 nucampholin 
ng1 FBgn0002933 new glue 1 
Nhe3 FBgn0028703 Na[+]/H[+] hydrogen exchanger 3 
Nipped-B FBgn0026401 Nipped-B 
Nmt FBgn0020392 N-myristoyl transferase 
Nplp4 FBgn0040717 Neuropeptide-like precursor 4 
nrv1 FBgn0015776 nervana 1 
nSyb FBgn0013342 neuronal Synaptobrevin 
Nup62 FBgn0034118 Nucleoporin 62kD 
Obp99c FBgn0039682 Odorant-binding protein 99c 
obst-E FBgn0031737 obstructor-E 
obst-J FBgn0036940 obstructor-J 
Octbeta3R FBgn0250910 Octopamine beta3 receptor 
Opa1 FBgn0261276 Optic atrophy 1 
or FBgn0003008 orange 
Stt3B FBgn0011336 
Catalytic subunit 3B of the oligosaccharyltransferase 
complex 
p120ctn FBgn0260799 Adherens junction protein p120 
pAbp FBgn0265297 poly(A) binding protein 
Paip2 FBgn0038100 polyA-binding protein interacting protein 2 
pan FBgn0085432 pangolin 
Parp FBgn0010247 Poly-(ADP-ribose) polymerase 
Pcd FBgn0024841 pterin-4a-carbinolamine dehydratase 
Pde1c FBgn0264815 Phosphodiesterase 1c 
Pdi FBgn0014002 Protein disulfide isomerase 
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Pdp1 FBgn0016694 PAR-domain protein 1 
EbpIII FBgn0011695 Ejaculatory bulb protein III 
PGRP-LA FBgn0035975 Peptidoglycan recognition protein LA 
PGRP-SC2 FBgn0043575 Peptidoglycan recognition protein SC2 
phtf FBgn0028579 phtf 
Pitslre FBgn0016696 Pitslre 
ppl FBgn0027945 pumpless 
Pten FBgn0026379 Phosphatase and tensin homolog 
Ptp4E FBgn0004368 Protein tyrosine phosphatase 4E 
Ptpa FBgn0016698 Phosphotyrosyl phosphatase activator 
pug FBgn0020385 pugilist 
qkr58E-1 FBgn0022986 quaking related 58E-1 
qtc FBgn0028572 quick-to-court 
Rab27 FBgn0025382 Rab27 
Rab5 FBgn0014010 Rab5 
Rab9 FBgn0032782 Rab9 
Rack1 FBgn0020618 Receptor of activated protein kinase C 1 
rdgB FBgn0003218 retinal degeneration B 
Rdl FBgn0004244 Resistant to dieldrin 
REG FBgn0029133 REG 
RhoGAP100F FBgn0039883 Rho GTPase activating protein at 100F 
RhoGAP18B FBgn0261461 Rho GTPase activating protein at 18B 
RhoGAP54D FBgn0034249 Rho GTPase activating protein at 54D 
rk FBgn0003255 rickets 
rl FBgn0003256 rolled 
RnpS1 FBgn0037707 RNA-binding protein S1 
RpL11 FBgn0013325 Ribosomal protein L11 
RpL17 FBgn0029897 Ribosomal protein L17 
RpL18 FBgn0035753 Ribosomal protein L18 
RpL24 FBgn0032518 Ribosomal protein L24 
RpL28 FBgn0035422 Ribosomal protein L28 
RpL29 FBgn0016726 Ribosomal protein L29 
RpL3 FBgn0020910 Ribosomal protein L3 
RpL31 FBgn0285949 Ribosomal protein L31 
RpL36 FBgn0002579 Ribosomal protein L36 
RpL36A FBgn0031980 Ribosomal protein L36A 
RpL41 FBgn0066084 Ribosomal protein L41 
RpLP0 FBgn0000100 Ribosomal protein LP0 
RpS17 FBgn0005533 Ribosomal protein S17 
RpS23 FBgn0033912 Ribosomal protein S23 
RpS28b FBgn0030136 Ribosomal protein S28b 
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RpS3 FBgn0002622 Ribosomal protein S3 
RpS5a FBgn0002590 Ribosomal protein S5a 
RpS9 FBgn0010408 Ribosomal protein S9 
Rsf1 FBgn0011305 Repressor splicing factor 1 
sage FBgn0037672 salivary gland-expressed bHLH 
Sap-r FBgn0000416 Saposin-related 
SCAR FBgn0041781 SCAR 
scro FBgn0028993 scarecrow 
Sec61gamma FBgn0031049 Sec61 gamma subunit 
sesB FBgn0003360 stress-sensitive B 
SF1 FBgn0025571 Splicing factor 1 
Sgs4 FBgn0003374 Salivary gland secretion 4 
Sgs8 FBgn0003378 Salivary gland secretion 8 
shep FBgn0052423 alan shepard 
sinu FBgn0010894 sinuous 
sm FBgn0003435 smooth 
Sod1 FBgn0003462 Superoxide dismutase 1 
Sox21a FBgn0036411 Sox21a 
Spec2 FBgn0044823 Spec2 
SPoCk FBgn0052451 Secretory Pathway Calcium atpase 
Spt3 FBgn0037981 Spt3 
Spt6 FBgn0028982 Spt6 
Spx FBgn0015818 Spliceosomal protein on the X 
sqd FBgn0263396 squid 
Start1 FBgn0035028 Start1 
Su(var)205 FBgn0003607 Suppressor of variegation 205 
sun FBgn0014391 stunted 
Syt7 FBgn0039900 Synaptotagmin 7 
Syx6 FBgn0037084 Syntaxin 6 
Taf6 FBgn0010417 TBP-associated factor 6 
Taf8 FBgn0022724 TBP-associated factor 8 
Tgt FBgn0031321 tRNA-guanine transglycosylase 
Thor FBgn0261560 Thor 
Tim8 FBgn0027359 Tim8 
Tim9b FBgn0027358 Translocase of inner membrane 9b 
tipE FBgn0003710 temperature-induced paralytic E 
Tm1 FBgn0003721 Tropomyosin 1 
tomboy40 FBgn0033074 tomboy40 
Top2 FBgn0284220 Topoisomerase 2 
Trh FBgn0035187 Tryptophan hydroxylase 
Tsp29Fa FBgn0032074 Tetraspanin 29Fa 
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Tsp29Fb FBgn0032075 Tetraspanin 29Fb 
tsr FBgn0011726 twinstar 
tty FBgn0015558 tweety 
U2af38 FBgn0017457 U2 small nuclear riboprotein auxiliary factor 38 
Uba2 FBgn0029113 Ubiquitin activating enzyme 2 
UBL3 FBgn0026076 UBL3 
Uev1A FBgn0035601 Ubiquitin-conjugating enzyme variant 1A 
und FBgn0283478 uninitiated 
VGlut FBgn0031424 Vesicular glutamate transporter 
VhaSFD FBgn0027779 Vacuolar H[+]-ATPase SFD subunit 
Vps28 FBgn0021814 Vacuolar protein sorting 28 
Pym FBgn0034918 Partner of Y14 and Mago 
wrapper FBgn0025878 wrapper 
wuho FBgn0029857 wuho 
yip7 FBgn0040060 yippee interacting protein 7 
Acp26Ab FBgn0002856 Accessory gland protein 26Ab 
Alh FBgn0261238 Alhambra 
Ank2 FBgn0261788 Ankyrin 2 
Aps FBgn0036111 Aps 
AstA-R2 FBgn0039595 Allatostatin A receptor 2 
Atf-2 FBgn0265193 Activating transcription factor-2 
baz FBgn0000163 bazooka 
bi FBgn0000179 bifid 
bol FBgn0011206 boule 
bru2 FBgn0262475 bruno 2 
Ca-alpha1T FBgn0264386 Ca[2+]-channel protein alpha[[1]] subunit T 
Ca-beta FBgn0259822 Ca2+-channel-protein-beta-subunit 
Cam FBgn0000253 Calmodulin 
CanA1 FBgn0010015 Calcineurin A1 
CapaR FBgn0037100 Capability receptor 
Ccp84Ac FBgn0004781 Ccp84Ac 
cg FBgn0000289 combgap 
CG10283 FBgn0032681 - 
mahe FBgn0029979 maheshvara 
CG10953 FBgn0034204 - 
CG11089 FBgn0039241 - 
DIP-iota FBgn0031837 Dpr-interacting protein iota 
CG12105 FBgn0035241 - 
CG12531 FBgn0031064 - 
CG12768 FBgn0037206 - 
CG13325 FBgn0033792 - 
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CG13679 FBgn0035856 - 
CG14220 FBgn0031036 - 
CG15646 FBgn0030665 - 
CG16758 FBgn0035348 - 
CG17047 FBgn0033827 - 
CG17343 FBgn0032751 - 
CG2926 FBgn0037344 - 
CG2972 FBgn0030177 - 
CG30116 FBgn0028496 - 
CG32000 FBgn0052000 - 
CG32280 FBgn0052280 - 
CG32425 FBgn0052425 - 
CG33129 FBgn0053129 - 
GalT1 FBgn0053145 beta1,3-galactosyltransferase 1 
CG3344 FBgn0035154 - 
CG43675 FBgn0263750 - 
CG34269 FBgn0085298 - 
CG34371 FBgn0085400 - 
smal FBgn0085409 smoke alarm 
CG34449 FBgn0085478 - 
Eglp4 FBgn0034885 Entomoglyceroporin 4 
CG4199 FBgn0025628 - 
Cyt-c1 FBgn0035600 Cytochrome c1 
CG5023 FBgn0038774 - 
CG5177 FBgn0031908 - 
CG5888 FBgn0028523 - 
CG7029 FBgn0039026 - 
CG7567 FBgn0039670 - 
CG7646 FBgn0036926 - 
CG8910 FBgn0025833 - 
CG9701 FBgn0036659 - 
chn FBgn0015371 charlatan 
Cht4 FBgn0022700 Chitinase 4 
corto FBgn0010313 corto 
ctp FBgn0011760 cut up 
Cyp4ad1 FBgn0033292 Cyp4ad1 
Cyp4d1 FBgn0005670 Cytochrome P450-4d1 
Desat1 FBgn0086687 Desaturase 1 
Df31 FBgn0022893 Decondensation factor 31 
dnc FBgn0000479 dunce 
Doa FBgn0265998 Darkener of apricot 
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DopEcR FBgn0035538 Dopamine/Ecdysteroid receptor 
dsd FBgn0039528 distracted 
Ect4 FBgn0262579 Ectoderm-expressed 4 
Fas2 FBgn0000635 Fasciclin 2 
fau FBgn0266451 fau 
Fer1HCH FBgn0015222 Ferritin 1 heavy chain homologue 
Fili FBgn0085397 Fish-lips 
fru FBgn0004652 fruitless 
fz FBgn0001085 frizzled 
Galphaq FBgn0004435 G protein alpha q subunit 
gcm FBgn0014179 glial cells missing 
Galphai FBgn0001104 G protein alpha i subunit 
Hml FBgn0029167 Hemolectin 
Hph FBgn0264785 HIF prolyl hydroxylase 
Hr3 FBgn0000448 Hormone receptor 3 
hts FBgn0263391 hu li tai shao 
ImpE3 FBgn0001255 Ecdysone-inducible gene E3 
ImpL2 FBgn0001257 Ecdysone-inducible gene L2 
InR FBgn0283499 Insulin-like receptor 
jeb FBgn0086677 jelly belly 
kirre FBgn0028369 kin of irre 
l(2)01289 FBgn0010482 lethal (2) 01289 
l(3)neo43 FBgn0011476 lethal (3) neo43 
Lac FBgn0010238 Lachesin 
robo2 FBgn0002543 roundabout 2 
lola FBgn0283521 longitudinals lacking 
Lsp1gamma FBgn0002564 Larval serum protein 1 gamma 
LysB FBgn0004425 Lysozyme B 
MBD-R2 FBgn0038016 MBD-R2 
mbl FBgn0265487 muscleblind 
mdy FBgn0004797 midway 
Mef2 FBgn0011656 Myocyte enhancer factor 2 
Mlc2 FBgn0002773 Myosin light chain 2 
Mlp60A FBgn0259209 Muscle LIM protein at 60A 
Msp300 FBgn0261836 Muscle-specific protein 300 kDa 
NK7.1 FBgn0024321 NK7.1 
nmo FBgn0011817 nemo 
not FBgn0013717 non-stop 
Nrg FBgn0264975 Neuroglian 
Nrx-1 FBgn0038975 Neurexin 1 
pb FBgn0051481 proboscipedia 
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pip FBgn0003089 pipe 
ple FBgn0005626 pale 
Ptp61F FBgn0267487 Protein tyrosine phosphatase 61F 
pum FBgn0003165 pumilio 
pxb FBgn0053207 pxb 
pyd FBgn0262614 polychaetoid 
Rab14 FBgn0015791 Rab14 
rdx FBgn0264493 roadkill 
Rgk3 FBgn0085426 Rad, Gem/Kir family member 3 
roq FBgn0036621 roquin 
RpL12 FBgn0034968 Ribosomal protein L12 
RpL22 FBgn0015288 Ribosomal protein L22 
RpL5 FBgn0064225 Ribosomal protein L5 
Rpn12 FBgn0028693 Regulatory particle non-ATPase 12 
RpS26 FBgn0261597 Ribosomal protein S26 
salm FBgn0261648 spalt major 
Sap47 FBgn0013334 Synapse-associated protein 47kD 
Scr FBgn0003339 Sex combs reduced 
scrib FBgn0263289 scribbled 
scrt FBgn0004880 scratch 
sick FBgn0263873 sickie 
sif FBgn0085447 still life 
SoxN FBgn0029123 SoxNeuro 
stan FBgn0024836 starry night 
stg FBgn0003525 string 
Su(H) FBgn0004837 Suppressor of Hairless 
swm FBgn0002044 second mitotic wave missing 
Tom70 FBgn0032397 Translocase of outer membrane 70 
TpnC47D FBgn0010423 Troponin C at 47D 
trio FBgn0024277 trio 
Tsp42Ed FBgn0029507 Tetraspanin 42Ed 
Tsp42Ee FBgn0029506 Tetraspanin 42Ee 
tutl FBgn0010473 turtle 
up FBgn0004169 upheld 
Vha55 FBgn0005671 Vacuolar H[+]-ATPase 55kD subunit 
wbl FBgn0004003 windbeutel 
wgn FBgn0030941 wengen 
wupA FBgn0283471 wings up A 
CG31262 FBgn0051262 - 
CG5861 FBgn0015338 - 
CG9743 FBgn0039756 - 
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DIP2 FBgn0024806 DISCO Interacting Protein 2 
Dscam1 FBgn0033159 Down syndrome cell adhesion molecule 1 
IM4 FBgn0040653 Immune induced molecule 4 
l(3)neo38 FBgn0265276 lethal (3) neo38 
psq FBgn0263102 pipsqueak 
Rho1 FBgn0014020 Rho1 
Sema1a FBgn0011259 Semaphorin 1a 
zfh1 FBgn0004606 Zn finger homeodomain 1 
Col4a1 FBgn0000299 Collagen type IV alpha 1 
 
Appendix B microRNA targets 
Appendix B.1 miRNAs in D.melanogaster 
Table showing the different classes of miRNA in D.melanogaster as per the miRbase database. ID 
column contains the miRNA symbol. The columns Intragenic and Intergenic indicates the class of miRNA. 
Host gene depicts the Host gene symbol  if miRNA is intragenic, NA otherwise. 
Legends 
  
Legends      
  Intragenic miRNA (Long Non Coding RNA Host) 
  
Intragenic miRNA (mRNA Hosts used by us to 
create IntramiRExplorer) 
  Intragenic miRNA (miRNA Host genes not used) 
  intergenic miRNA    
 
ID Intragenic Intergenic Host Gene 
Type of 
HostGene(mRNA/lncRNA) 
dme-mir-125 Yes No let-7-C IncRNA 
dme-mir-100 Yes No let-7-C IncRNA 
dme-mir-iab-8 Yes No iab-8,iab-4 IncRNA 
dme-mir-4951 Yes No Hsrω IncRNA 
dme-mir-276a Yes No CR46006 IncRNA 
dme-mir-276b Yes No CR46004 IncRNA 
dme-mir-87 Yes No CR45949 lncRNA 
dme-mir-316 Yes No CR45920 IncRNA 
dme-mir-124 Yes No CR45919 IncRNA 
dme-mir-987 Yes No CR45918 IncRNA 
dme-mir-92b Yes No CR45917 IncRNA 
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dme-mir-9a Yes No CR45916 lncRNA 
dme-mir-315 Yes No CR45912 IncRNA 
dme-mir-2c Yes No CR45911 IncRNA 
dme-mir-13b-1 Yes No CR45911 IncRNA 
dme-mir-13a Yes No CR45911 IncRNA 
dme-mir-1000 Yes No CR45910 IncRNA 
dme-mir-1 Yes No CR45361 IncRNA 
dme-mir-4973 Yes No CR45347 IncRNA 
dme-mir-375 Yes No CR45345 IncRNA 
dme-mir-288 Yes No CR44909 lncRNA 
dme-mir-133 Yes No CR44909 IncRNA 
dme-mir-4 Yes No CR44505 IncRNA 
dme-mir-6-3 Yes No CR44504 IncRNA 
dme-mir-6-2 Yes No CR44504 IncRNA 
dme-mir-6-1 Yes No CR44504 IncRNA 
dme-mir-5 Yes No CR44504 IncRNA 
dme-mir-309 Yes No CR44504 IncRNA 
dme-mir-3 Yes No CR44504 IncRNA 
dme-mir-286 Yes No CR44504 lncRNA 
dme-mir-184 Yes No CR44206 IncRNA 
dme-mir-997 Yes No CR44175 IncRNA 
dme-mir-275 Yes No CR43857 IncRNA 
dme-mir-31b Yes No CR43836 IncRNA 
dme-mir-14 Yes No CR43651 IncRNA 
dme-mir-8 Yes No CR43650 IncRNA 
dme-mir-282 Yes No CR43626 IncRNA 
dme-mir-34 Yes No CR43459 IncRNA 
dme-mir-277 Yes No CR43459 IncRNA 
dme-mir-263a Yes No CR43314 lncRNA 
dme-mir-263a Yes No CR43314 mRNA 
dme-mir-958 Yes No CR43270 IncRNA 
dme-mir-993 Yes No CR42721 IncRNA 
dme-mir-10 Yes No CR42651 IncRNA 
dme-mir-9381 Yes No CR31451 lncRNA 
dme-mir-279 Yes No CR31044 IncRNA 
dme-mir-252 Yes No CR17025 IncRNA 
dme-mir-1013 Yes No wts mRNA 
dme-mir-1006 Yes No VhaSFD mRNA 
dme-mir-970 Yes No Tomosyn mRNA 
dme-mir-968 Yes No TM9SF4 mRNA 
dme-mir-1002 Yes No TM9SF4 mRNA 
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dme-mir-1001 Yes No tau mRNA 
dme-mir-2282 Yes No sty mRNA 
dme-mir-33 Yes No SREBP mRNA 
dme-mir-2b-2 Yes No spi mRNA 
dme-mir-2a-2 Yes No spi mRNA 
dme-mir-2a-1 Yes No spi mRNA 
dme-mir-1010 Yes No SKIP mRNA 
dme-mir-1014 Yes No salt mRNA 
dme-mir-308 Yes No RpS23 mRNA 
dme-mir-190 Yes No rhea mRNA 
dme-mir-971 Yes No rad mRNA 
dme-mir-2495 Yes No qtc mRNA 
dme-mir-988 Yes No Prp8 mRNA 
dme-mir-1016 Yes No Opa1 mRNA 
dme-mir-281-2 Yes No Oda mRNA 
dme-mir-281-1 Yes No Oda mRNA 
dme-mir-284 Yes No Octβ2R mRNA 
dme-mir-932 Yes No Nlg2 mRNA 
dme-mir-1017 Yes No nAChRα2 mRNA 
dme-mir-307b Yes No Mmp2 mRNA 
dme-mir-307a Yes No Mmp2 mRNA 
dme-mir-927 Yes No mmd mRNA 
dme-mir-1012 Yes No Lerp mRNA 
dme-mir-2489 Yes No kuz mRNA 
dme-mir-965 Yes No kis mRNA 
dme-mir-92a Yes No jigr1 mRNA 
dme-mir-1011 Yes No Ir93a mRNA 
dme-mir-2497 Yes No her mRNA 
dme-mir-9c Yes No grp mRNA 
dme-mir-9b Yes No grp mRNA 
dme-mir-79 Yes No grp mRNA 
dme-mir-306 Yes No grp mRNA 
dme-mir-979 Yes No Grip84 mRNA 
dme-mir-978 Yes No Grip84 mRNA 
dme-mir-304 Yes No Gmap mRNA 
dme-mir-283 Yes No Gmap mRNA 
dme-mir-12 Yes No Gmap mRNA 
dme-mir-998 Yes No E2f1 mRNA 
dme-mir-11 Yes No E2f1 mRNA 
dme-mir-2492 Yes No Drak mRNA 
dme-mir-964 Yes No DIP-θ mRNA 
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dme-mir-963 Yes No DIP-θ mRNA 
dme-mir-962 Yes No DIP-θ mRNA 
dme-mir-961 Yes No DIP-θ mRNA 
dme-mir-960 Yes No DIP-θ mRNA 
dme-mir-959 Yes No DIP-θ mRNA 
dme-mir-986 Yes No Cyp4e2 mRNA 
dme-mir-2281 Yes No cv-c mRNA 
dme-mir-996 Yes No CR31044 mRNA 
dme-mir-990 Yes No CG8910 mRNA 
dme-mir-2283 Yes No CG8176 mRNA 
dme-mir-2501 Yes No CG7927 mRNA 
dme-mir-13b-2 Yes No CG7033 mRNA 
dme-mir-1003 Yes No CG6695 mRNA 
dme-mir-1015 Yes No CG6432 mRNA 
dme-mir-1004 Yes No CG43707 mRNA 
dme-mir-2493 Yes No CG42788 mRNA 
dme-mir-981 Yes No CG42666 mRNA 
dme-mir-2491 Yes No CG42346,fog mRNA 
dme-mir-1009 Yes No CG3860 mRNA 
dme-mir-980 Yes No CG3777 mRNA 
dme-mir-2500 Yes No CG3764 mRNA 
dme-mir-984 Yes No CG3626 mRNA 
dme-mir-983-2 Yes No CG3626 mRNA 
dme-mir-983-1 Yes No CG3626 mRNA 
dme-mir-263b Yes No CG32150 mRNA 
dme-mir-274 Yes No CG32085 mRNA 
dme-mir-1008 Yes No CG18004 mRNA 
dme-mir-2494 Yes No CG17560 mRNA 
dme-mir-1007 Yes No CG1718 mRNA 
dme-mir-2490 Yes No CG12567 mRNA 
dme-mir-995 Yes No Cdk2 mRNA 
dme-mir-2280 Yes No c-cup mRNA 
dme-mir-999 Yes No CASK mRNA 
dme-mir-967 Yes No bun mRNA 
dme-mir-2b-1 Yes No Btk29A mRNA 
dme-mir-289 Yes No bru-3 mRNA 
dme-mir-7 Yes No bi mRNA 
dme-mir-1005 Yes No Atet mRNA 
dme-mir-966 Yes No ade2 mRNA 
dme-mir-4971 Yes No msl-2 mRNA 
dme-mir-9382 Yes No MRP mRNA 
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dme-mir-4968 Yes No Mob2 mRNA 
dme-mir-3645 Yes No Mlc-c mRNA 
dme-mir-4939 Yes No mir-4939 mRNA 
dme-mir-2279 Yes No Mfs17 mRNA 
dme-mir-4978 Yes No mam mRNA 
dme-mir-4916 Yes No Ir8a mRNA 
dme-mir-4959 Yes No Inx5 mRNA 
dme-mir-iab-4 Yes No iab-8,iab-4 mRNA 
dme-mir-4944 Yes No hth mRNA 
dme-mir-4982 Yes No Hs3st-A mRNA 
dme-mir-9374 Yes No Hr39 mRNA 
dme-mir-9371 Yes No Glut4EF mRNA 
dme-mir-4972 Yes No for mRNA 
dme-mir-4912 Yes No Fnta mRNA 
dme-mir-4977 Yes No Eaf mRNA 
dme-mir-4919 Yes No Cyp4aa1 mRNA 
dme-mir-929 Yes No cpx mRNA 
dme-mir-9375 Yes No CG9727 mRNA 
dme-mir-4974 Yes No CG8671 mRNA 
dme-mir-9380 Yes No CG7352 mRNA 
dme-mir-3644 Yes No CG6752 mRNA 
dme-mir-4986 Yes No CG6749 mRNA 
dme-mir-4970 Yes No CG6729 mRNA 
dme-mir-4987 Yes No CG6700 mRNA 
dme-mir-9373 Yes No CG6231 mRNA 
dme-mir-4943 Yes No CG5953 mRNA 
dme-mir-278 Yes No CG42524 mRNA 
dme-mir-3641 Yes No CG3630 mRNA 
dme-mir-4975 Yes No CG3409 mRNA 
dme-mir-4985 Yes No CG3394 mRNA 
dme-mir-4910 Yes No CG3225 mRNA 
dme-mir-4914 Yes No CG31689 mRNA 
dme-mir-9379 Yes No CG30485 mRNA 
dme-mir-4909 Yes No CG1941 mRNA 
dme-mir-3642 Yes No CG18815 mRNA 
dme-mir-4913 Yes No CG17352 mRNA 
dme-mir-2535b Yes No CG1718 mRNA 
dme-mir-9378 Yes No CG17124 mRNA 
dme-mir-4963 Yes No CG15767 mRNA 
dme-mir-4908 Yes No CG15539 mRNA 
dme-mir-4976 Yes No CG15236 mRNA 
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dme-mir-9383 Yes No CG12241 mRNA 
dme-mir-4969 Yes No CASK mRNA 
dme-mir-4980 Yes No CanB2 mRNA 
dme-mir-4949 Yes No ATPsynC mRNA 
dme-mir-4960 Yes No Appl mRNA 
dme-mir-4948 Yes No Aph-4 mRNA 
dme-mir-9370 Yes No Amun mRNA 
dme-mir-4954 Yes No Actn mRNA 
dme-mir-4917 Yes No yl mRNA 
dme-mir-4947 Yes No wat mRNA 
dme-mir-4953 Yes No Usp12-46 mRNA 
dme-mir-4946 Yes No tup mRNA 
dme-mir-4955 Yes No trol mRNA 
dme-mir-4957 Yes No Top1 mRNA 
dme-mir-4958 Yes No Tob mRNA 
dme-mir-4962 Yes No tlk mRNA 
dme-mir-9377 Yes No Tis11 mRNA 
dme-mir-4918 Yes No tex mRNA 
dme-mir-9384 Yes No tacc mRNA 
dme-mir-4956 Yes No Sxl mRNA 
dme-mir-4961 Yes No ssx mRNA 
dme-mir-4979 Yes No Sesn mRNA 
dme-mir-4945 Yes No sals mRNA 
dme-mir-4915 Yes No RhoGAP1A mRNA 
dme-mir-4964 Yes No rdgA mRNA 
dme-mir-4967 Yes No Pka-R2 mRNA 
dme-mir-4984 Yes No PAPLA1 mRNA 
dme-mir-3643 Yes No OstDelta mRNA 
dme-mir-4940 Yes No nwk mRNA 
dme-mir-4965 Yes No Nup153 mRNA 
dme-mir-4952 Yes No Nrx-1 mRNA 
dme-mir-4941 Yes No Notum mRNA 
dme-mir-4942 Yes No ND-MLRQ mRNA 
dme-mir-4911 Yes No ND-23 mRNA 
dme-mir-4983 No Yes NA NA 
dme-mir-4981 No Yes NA NA 
dme-mir-4966 No Yes NA NA 
dme-mir-4950 No Yes NA NA 
dme-mir-31a No Yes NA NA 
dme-mir-318 No Yes NA NA 
dme-mir-317 No Yes NA NA 
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dme-mir-314 No Yes NA NA 
dme-mir-313 No Yes NA NA 
dme-mir-312 No Yes NA NA 
dme-mir-311 No Yes NA NA 
dme-mir-310 No Yes NA NA 
dme-mir-305 No Yes NA NA 
dme-mir-303 No Yes NA NA 
dme-mir-287 No Yes NA NA 
dme-mir-285 No Yes NA NA 
dme-mir-280 No Yes NA NA 
dme-mir-2499 No Yes NA NA 
dme-mir-2498 No Yes NA NA 
dme-mir-2496 No Yes NA NA 
dme-mir-219 No Yes NA NA 
dme-mir-210 No Yes NA NA 
dme-mir-193 No Yes NA NA 
dme-mir-137 No Yes NA NA 
dme-mir-994 No Yes NA NA 
dme-mir-992 No Yes NA NA 
dme-mir-991 No Yes NA NA 
dme-mir-989 No Yes NA NA 
dme-mir-985 No Yes NA NA 
dme-mir-982 No Yes NA NA 
dme-mir-977 No Yes NA NA 
dme-mir-976 No Yes NA NA 
dme-mir-975 No Yes NA NA 
dme-mir-974 No Yes NA NA 
dme-mir-973 No Yes NA NA 
dme-mir-972 No Yes NA NA 
dme-mir-969 No Yes NA NA 
dme-mir-957 No Yes NA NA 
dme-mir-956 No Yes NA NA 
dme-mir-955 No Yes NA NA 
dme-mir-954 No Yes NA NA 
dme-mir-9388 No Yes NA NA 
dme-mir-9385 No Yes NA NA 
dme-mir-9376 No Yes NA NA 
dme-mir-9372 No Yes NA NA 
dme-mir-9369 No Yes NA NA 
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Appendix B.2 miRNA Targets Predicted by target databases vs IntramiRExploreR 
This table depicts the umber of targets predicted by Target Databases vs Number of Targets 
Predicted by IntramiRExploreR.  The Intragenic miRNA list column, contains the intragenic miRNA 
symbol. The TargetDB_number column lists the number of targets predicted by the particular miRNA, by 
a union of the 3 target databases- TargetScan, Pita and Miranada.  The TargetIntramiR_number shows the 
number of targets predicted by the IntramiRExploreR tool and the Percentage_Targets column presents the 
percentage of targets predicted by IntramiRExploreR, out of the targets predicted by the Target databases. 
 
miRNA TargetDB_number TargetIntramiR_number Percentage_Targets 
dme-mir-281-2 1904 687 36.08193277 
dme-mir-33 2844 1080 37.97468354 
dme-mir-284 2209 1087 49.20778633 
dme-mir-1016 891 493 55.33108866 
dme-mir-990 1022 567 55.47945205 
dme-mir-981 2338 1331 56.92899914 
dme-mir-1014 3843 2198 57.19489982 
dme-mir-263b 2313 1325 57.28491137 
dme-mir-1010 1176 688 58.50340136 
dme-mir-998 950 560 58.94736842 
dme-mir-988 900 535 59.44444444 
dme-mir-1006 3293 1969 59.79350137 
dme-mir-980 1751 1050 59.96573387 
dme-mir-281-1 1143 687 60.10498688 
dme-mir-995 920 553 60.10869565 
dme-mir-1017 2254 1355 60.11535049 
dme-mir-979 1299 787 60.58506543 
dme-mir-2a-2 1818 1105 60.78107811 
dme-mir-1015 870 530 60.91954023 
dme-mir-932 2154 1328 61.65273909 
dme-mir-1005 1923 1186 61.67446698 
dme-mir-1011 3151 1945 61.72643605 
dme-mir-1004 1212 751 61.96369637 
dme-mir-1009 2208 1369 62.00181159 
dme-mir-927 3741 2347 62.73723603 
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dme-mir-308 1772 1112 62.75395034 
dme-mir-1012 1916 1203 62.78705637 
dme-mir-1003 1324 838 63.29305136 
dme-mir-2a-1 1742 1105 63.43283582 
dme-mir-304 1822 1158 63.55653128 
dme-mir-1008 1359 864 63.57615894 
dme-mir-1007 1531 980 64.01045069 
dme-mir-961 2342 1504 64.21861657 
dme-mir-959 1918 1235 64.38998957 
dme-mir-967 1663 1075 64.64221287 
dme-mir-11 1737 1125 64.76683938 
dme-mir-986 1638 1069 65.26251526 
dme-mir-970 2044 1349 65.99804305 
dme-mir-307b 1014 671 66.17357002 
dme-mir-1001 2018 1339 66.35282458 
dme-mir-283 5248 3483 66.36814024 
dme-mir-7 1428 949 66.45658263 
dme-mir-79 2958 1971 66.63286004 
dme-mir-307a 1158 776 67.01208981 
dme-mir-971 2788 1870 67.07317073 
dme-mir-978 1175 792 67.40425532 
dme-mir-1013 4159 2806 67.46814138 
dme-mir-274 3889 2629 67.60092569 
dme-mir-963 1581 1083 68.50094877 
dme-mir-999 2445 1677 68.58895706 
dme-mir-964 3493 2401 68.73747495 
dme-mir-1002 3072 2124 69.140625 
dme-mir-960 2558 1775 69.39014855 
dme-mir-306 1150 799 69.47826087 
dme-mir-984 1436 1009 70.26462396 
dme-mir-2280 1186 840 70.82630691 
dme-mir-190 3138 2247 71.60611855 
dme-mir-962 2421 1740 71.87112763 
dme-mir-965 1707 1233 72.23198594 
dme-mir-968 2560 1852 72.34375 
dme-mir-2495 825 603 73.09090909 
dme-mir-2b-1 1737 1280 73.69027058 
dme-mir-966 2398 1774 73.97831526 
dme-mir-2b-2 1737 1300 74.84168106 
dme-mir-13b-2 1736 1310 75.46082949 
dme-mir-983-2 2432 1844 75.82236842 
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dme-mir-983-1 2432 1844 75.82236842 
dme-mir-2501 2347 1783 75.96932254 
dme-mir-12 2239 1702 76.01607861 
dme-mir-2491 1296 996 76.85185185 
dme-mir-289 5275 4135 78.38862559 
dme-mir-2282 684 540 78.94736842 
dme-mir-2494 555 441 79.45945946 
dme-mir-2500 2975 2379 79.96638655 
dme-mir-2281 1317 1054 80.03037206 
dme-mir-2489 3142 2539 80.80840229 
dme-mir-92a 2434 1970 80.93672966 
dme-mir-9b 2483 2010 80.95046315 
dme-mir-9c 2445 1980 80.98159509 
dme-mir-2497 1993 1633 81.93677873 
dme-mir-2493 1131 928 82.05128205 
dme-mir-2492 3589 2955 82.33491223 
dme-mir-2283 4491 3723 82.8991316 
 
 
 
Appendix B.3 miRNA Targets shared by miRNAs sharing same host gene 
This table depicts the number of targets shared by miRNAs sharing same Host Genes.  The 
Intragenic miRNA list column, contains the intragenic miRNA symbol. Host gene column has the host 
gene symbol. The Individual target gene length column has the number of targets predicted by 
IntramiRExploreR. Finally the Common Targets column depicts the number of targets common between 2 
intragenic miRNAs. 
Intragenic 
miRNA 
Host 
Gene 
Individual Target Gene 
Length 
Common 
Targets 
dme-mir-968 TM9SF4 1852 
1154 
dme-mir-1002 TM9SF4 2124 
dme-mir-2a-2 spi 1105 
1080 dme-mir-2a-1 spi 1105 
dme-mir-2b-2 spi 1300 
dme-mir-281-2 Oda 687 
687 
dme-mir-281-1 Oda 687 
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dme-mir-307b Mmp2 776 
671 
dme-mir-307a Mmp2 671 
dme-mir-9c grp 1980 
178 
dme-mir-9b grp 2010 
dme-mir-79 grp 1971 
dme-mir-306 grp 799 
dme-mir-979 Grip84 787 
173 
dme-mir-978 Grip84 792 
dme-mir-304 Gmap 1158 
347 dme-mir-283 Gmap 3483 
dme-mir-12 Gmap 1702 
dme-mir-998 E2f1 560 
151 
dme-mir-11 E2f1 1125 
dme-mir-984 CG3626 1009 
337 dme-mir-983-2 CG3626 1844 
dme-mir-983-1 CG3626 1844 
dme-mir-964 CG31646 2401 
51 
dme-mir-963 CG31646 1083 
dme-mir-962 CG31646 1740 
dme-mir-961 CG31646 1504 
dme-mir-960 CG31646 1775 
dme-mir-959 CG31646 1235 
 
 
 
 
Appendix B.4 miRNA Targets verified from literature 
The table contains the targets for the intragenic miRNAs that have been verified by others. The 
miRNA list indicates the miRNA symbol. Targets depict the targets predicted by the miRNA. Assay 
technique predicts the technique by which it has been predicted. Reference and DOI represents the 
reference to the journal article, where this has been proved. Finally the column predicted by 
IntramiRExploreR shows whether this has been predicted by IntramiRExploreR or not. 
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miRNA Targets Assay Technique REF DOI 
Predicted by 
Intra-miR-
ExploreR? 
miR-307a Gk2 
luminiscence 
technology, necessary 
binding region 
Fukunaga 
et al., 
2012 10.1016/j.cell.2012.09.027  Yes 
miR-307a tara 
luminiscence 
technology, necessary 
binding region 
Fukunaga 
et al., 
2012 10.1016/j.cell.2012.09.027  Yes 
mir-2a-1 RPR 
western blot, necessary 
binding region, 
luminiscence 
technology 
Stark et 
al., 2003 10.1371/journal.pbio.0000060  Yes 
mir-2a-1 RPR 
western blot, necessary 
binding region, 
luminiscence 
technology 
Kertesz et 
al., 2007 10.1038/ng2135  Yes 
mir-2a-1 RPR 
western blot, necessary 
binding region, 
luminiscence 
technology 
Leaman et 
al., 2005 10.1016/j.cell.2005.04.016  Yes 
mir-2a-1 RPR 
western blot, necessary 
binding region, 
luminiscence 
technology 
Thermann 
and 
Hentze, 
2007 10.1038/nature05878  Yes 
mir-2a-1 
 
E(SPL)MDELTA-
HLH 
fluorescence 
technology 
Lai et.al. 
2005 10.1101/gad.1291905  Yes 
mir-2a-1  SKL 
fluorescence 
technology 
Leaman et 
al., 2005 10.1016/j.cell.2005.04.016  Yes 
mir-2a-2 RPR 
western blot, necessary 
binding region, 
luminiscence 
technology 
Stark et 
al., 2003 10.1371/journal.pbio.0000060  Yes 
mir-2a-2 RPR 
western blot, necessary 
binding region, 
luminiscence 
technology 
Kertesz et 
al., 2007 10.1038/ng2135  Yes 
mir-2a-2 RPR 
western blot, necessary 
binding region, 
luminiscence 
technology 
Leaman et 
al., 2005 10.1016/j.cell.2005.04.016  Yes 
mir-2a-2 RPR 
western blot, necessary 
binding region, 
luminiscence 
technology 
Thermann 
and 
Hentze, 
2007 10.1038/nature05878  Yes 
mir-2a-2 
 
E(SPL)MDELTA-
HLH 
fluorescence 
technology 
Lai et.al. 
2005 10.1101/gad.1291905  Yes 
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mir-2a-2  SKL 
fluorescence 
technology 
Leaman et 
al., 2005 10.1016/j.cell.2005.04.016  Yes 
mir-13b-2 Grim 
fluorescence 
technology 
Leaman et 
al., 2005 10.1016/j.cell.2005.04.016  Yes 
mir-13b-2 skl 
fluorescence 
technology 
Leaman et 
al., 2005 10.1016/j.cell.2005.04.016  Yes 
mir-13b-2 rpr 
fluorescence 
technology 
Leaman et 
al., 2005 10.1016/j.cell.2005.04.016  Yes 
mir-7 aop 
immunohistochemistry, 
fluorescence 
technology, necessary 
binding region 
Li and 
Carthew, 
2005 10.1016/j.cell.2005.10.040  Yes 
mir-7 aop 
immunohistochemistry, 
fluorescence 
technology, necessary 
binding region 
Tokusumi 
et al., 
2011 10.1242/dev.069336  Yes 
mir-7 ttk immunohistochemistry 
Huang et 
al., 2013 10.1242/dev.080192  Yes 
mir-7 ihog 
quantitative reverse 
transcription pcr, 
luminiscence 
technology, necessary 
binding region, 
fluorescence 
technology 
Da Ros et 
al. 2013 10.1371/journal.pbio.1001554  Yes 
mir-7 E(SPL)M3-HLH 
fluorescence 
technology 
Lai et al., 
2005 10.1101/gad.1291905  Yes 
mir-7 E(SPL)M3-HLH 
fluorescence 
technology 
Stark et 
al., 2003 10.1371/journal.pbio.0000060  Yes 
mir-7 fng 
luminiscence 
technology 
Robins et 
al., 2005 10.1073/pnas.0500775102  Yes 
mir-7 h 
fluorescence 
technology 
Stark et 
al., 2003 10.1371/journal.pbio.0000060  Yes 
mir-7 Tom 
fluorescence 
technology 
Lai et al., 
2005 10.1101/gad.1291905  Yes 
mir-7 
E(spl)mgamma-
HLH 
fluorescence 
technology 
Lai et al., 
2005 10.1101/gad.1291905  Yes 
miR-11 FMR1 
anti bait 
coimmunoprecipitation, 
quantitative reverse 
transcription pcr 
Yang et 
al., 2009 10.1371/journal.pgen.1000444  Yes 
mir-11 mats 
quantitative reverse 
transcription pcr, 
luminiscence 
technology 
Truscott 
et al., 
2011 10.1101/gad.16947411  Yes 
mir-11 Pink1 
quantitative reverse 
transcription pcr, 
luminiscence 
technology 
Truscott 
et al., 
2011 10.1101/gad.16947411  Yes 
mir-11 Eip93F 
luminiscence 
technology 
Truscott 
et al., 
2011 10.1101/gad.16947411  Yes 
mir-11 aop 
quantitative reverse 
transcription pcr, 
Truscott 
et al., 
2011 10.1101/gad.16947411  Yes 
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luminiscence 
technology 
mir-11 cbt 
quantitative reverse 
transcription pcr, 
luminiscence 
technology 
Truscott 
et al., 
2011 10.1101/gad.16947411  Yes 
mir-12 FMR1 
anti bait 
coimmunoprecipitation, 
quantitative reverse 
transcription pcr 
Yang et 
al., 2009 10.1371/journal.pgen.1000444  Yes 
mir-12 rt 
luminiscence 
technology 
Robins et 
al., 2005 10.1073/pnas.0500775102  Yes 
mir-12 fu 
fluorescence 
technology 
Friggi-
Grelin et 
al., 2008 10.1534/genetics.107.083733  Yes 
mir-12 cos 
fluorescence 
technology 
Friggi-
Grelin et 
al., 2009 10.1534/genetics.107.083733  Yes 
mir-12 smo 
fluorescence 
technology 
Friggi-
Grelin et 
al., 2010 10.1534/genetics.107.083733  Yes 
mir-92a arm western blot 
Pancratov 
et al., 
2013 10.1242/dev.092817  Yes 
mir-92a frtz 
fluorescence 
technology 
Schertel et 
al., 2012 10.1534/genetics.112.145383  Yes 
mir-92a ck 
fluorescence 
technology 
Schertel et 
al., 2012 10.1534/genetics.112.145383  Yes 
miR-79 FMR1 
anti bait 
coimmunoprecipitation, 
quantitative reverse 
transcription pcr 
Yang et 
al., 2009 10.1371/journal.pgen.1000444  Yes 
mir-79 bap 
fluorescence 
technology 
Brennecke 
et al., 
2005 10.1371/journal.pbio.0030085  Yes 
mir-79 E(SPL)M5-HLH 
fluorescence 
technology 
Lai et al., 
2005 10.1101/gad.1291905  Yes 
mir-289 Lar 
luminiscence 
technology 
Nesler et 
al., 2013 10.1371/journal.pone.0068385  Yes 
mir-308 Myc 
western blot, 
quantitative reverse 
transcription pcr 
Daneshvar 
et al., 
2013 10.1242/bio.20122725  Yes 
mir-932 boi 
luminiscence 
technology, necessary 
binding region, 
fluorescence 
technology, 
immunohistochemistry 
Gao et al., 
2013 Dev. 
biology 10.1016/j.ydbio.2013.02.002  Yes 
mir-960 cos 
fluorescence 
technology, 
immunocytochemistry, 
luminiscence 
technology, necessary 
binding region 
Gao et al., 
2013 Cell 
Signalling 10.1016/j.cellsig.2013.01.023  Yes 
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mir-960 fu 
fluorescence 
technology, 
immunocytochemistry, 
luminiscence 
technology, necessary 
binding region 
Gao et al., 
2013 Cell 
Signalling 10.1016/j.cellsig.2013.01.023  Yes 
mir-960 smo 
fluorescence 
technology, 
immunocytochemistry, 
luminiscence 
technology, necessary 
binding region 
Gao et al., 
2013 Cell 
Signalling 10.1016/j.cellsig.2013.01.023  Yes 
miR-1014 p53 
luminiscence 
technology 
Barrio et 
al., 2014 10.1016/j.celrep.2014.06.020  Yes 
miR-9c FMR1 
anti bait 
coimmunoprecipitation, 
quantitative reverse 
transcription pcr 
Yang et 
al., 2009 10.1371/journal.pgen.1000444  Yes 
miR-304 FMR1 
anti bait 
coimmunoprecipitation, 
quantitative reverse 
transcription pcr 
Yang et 
al., 2009 10.1371/journal.pgen.1000444  Yes 
mir-1003 AGO1 
anti bait 
coimmunoprecipitation, 
northern blot 
Okamura 
et al., 
2007 10.1016/j.cell.2007.06.028  Yes 
 
 
 
Appendix B.5 Correlation between Intragenic miRNAs having ame host genes 
The table contains correlation between intragenic miRNAs having same host Gene. First 2 columns 
have thintragenic miRNAs name, third column is p-value and the lat is the correlation value. 
miRNA1 miRNA2 p-value correlation 
dme-miR-12 dme-miR-304 0.002054246 0.874150081 
dme-miR-304 dme-miR-12 0.002054246 0.874150081 
dme-miR-2a dme-miR-2b 1.33E-06 0.985051647 
dme-miR-2b dme-miR-2a 1.33E-06 0.985051647 
dme-miR-11 dme-miR-998 0.001024943 0.897519379 
dme-miR-998 dme-miR-11 0.001024943 0.897519379 
dme-miR-306 dme-miR-79 4.61E-10 0.998469553 
dme-miR-306 dme-miR-9c 0.014659735 0.772607703 
dme-miR-306 dme-miR-9b 0.297171528 -0.391682121 
dme-miR-79 dme-miR-306 4.61E-10 0.998469553 
dme-miR-79 dme-miR-9c 0.014177633 0.774927641 
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dme-miR-79 dme-miR-9b 0.30056216 -0.389165528 
dme-miR-9b dme-miR-9c 0.593070172 0.207000974 
dme-miR-9c dme-miR-9b 0.593070172 0.207000974 
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Appendix B.6 User Interface for Intragenic miRNA tool 
  
 
 
 
 
 
Figure B.6.1 Home Page for User Interface for Intragenic miRNA 
 
            The Home page for the UI contains the option for finding targets for Intragenic miRNA (Query 
Intragenic MicroRNA) and for finding miRNAs that target particular mRNAs (Query mRNA). 
Information about the functioning of the tool can be found in the following folder (Info). 
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Figure B.6.2 Query Page for miRNA targets 
 
            The query page for miRNA targets have the option to select the intragenic miRNAs from the list. 
The List contains the Host gene symbols for each miRNAs. Multiple miRNAs can be selected at a single 
time. Thechoices for Platform are Affymetrix 1 and Affymetrix 2, whereas for methos are Pearson, 
Distance or Both (Comprises of Union of targets from Pearson and Distance). Once the User selects the 
miRNA and other Input parameters, he can press search for getting the final target results. 
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Figure B.6.3 miRNA targets Result page 
 
            The result page provides the users with the targets for the miRNAs. It provides the users with 
the Targets in Gene Symbol(tar_GS), Flybase Gene ID (tar_FB), CGID (tar_CG), Score, mRNA 
Function from Flybase (Function) and Experiments in which they are statistically related 
(Experiment). The user has the option to obtain the Gene Ontology Figures, Export result as a Text 
file or visualize the miRNA target interactions. 
 
 
